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m m m 

-fy^>f-^-y>l (isopentenyl diphosphate) (IPP, C^&JgSfc*! 
Z.t.\Z.&~DTfemzfV~)\'- U>»T?ft«^7-^r U>» (geranyl diphosph 
ate (GPP, C 10 )K 7 7^*^ZU>1 (farnesyl diphosphate (FPP, C 16 )), 
y7-Jl/^7-JV-U>i (geranylgeranyl diphosphate (GGPP, C 20 )) 

^^nst^^^e^s (bid. hiic*v>t, wvm&ntzX¥'t)mm&& 

t. hmgR teb FD^v'^^V^M U ;V-CoA (hydroxymethyl glutaryl-CoA : 
HMG-CoA) mytmm. GGPS « GGPP -&J&@PHi> FPS » FPP £^To 

rn^F^ ^7> (1£^>K, VK) ©fiiJ^, -fe7.^;W^>3g, X^7l/> 

GGPPfc£fc, )V (t£^5> 

A, VAK i3-*nf> (7nt*^5> A), a*/ > (tf ^ 5 > K lf VK X K 
h37xD-jH (tf^> E, VEK 5*7~)V5 t: 7—Mk?>/V7n<D7>% 

FPP, GGPP <DT)Vn-)Vm^ife^&Z>y7)\'*V— ;Hfarnesol)(FOH, C 16 ), 
y^-Jiy^-jr-Jl (geranylgeraniol) (GGOH, C 20 )-*\ -£©&&#*T!2& § 
^□U H-;KneroUdol)(NOH, C 1B )$?fcJu f t l/TI ^ 6n5«illl + O^f « 
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tot, cis-, trans ((Z)-, (E)-)M&fcU&fa'VfcM*t)®Z>f£&mzfl'—)l'7 

IPP OtkfciH-CO&J&U, ?s<X*AU>Wtm& (TtfJkillA (acetyl- 
CoA) ^e^AD>m^^TIPP^^^i-§^g&) fc±5m6ntt» 
1980 J: ?K M. Rohmer &j&t/X^5rD TS/B^Tfrb^ IPP n" 

S^Ubfe. 31tl»> #^A'0>^MS&X«DXP(l-deoxyxylulose 5-phosphate) 
m&tmttlT&Q* t/V-tJVTJV^t H 8-U>KtbT;Hf 1-deoxyxy 
lulose 5-phosphate £MT IPP £-&Jsd&T£il£Jfc*T?*£. 

GGOH«> IS«Eft^J«fefc«kD#fiJE*nTV^ (fj^Uti? 8-133999 # 

&«#jro. u^u «fc t) mmmom^ foh^noh tit^ ggoh ©fti^jfc' 

teX^y7ms&<* 37h^5. fc^&JfcSrC^ricSn* GGOH 

DCi^ittti^nS. (^^^-GGOHd^TCaiZ-^-GGOH £t»T)VZ&fa 

(Dttmm&T^f&znzi&x&io, nmmmmmm&mTZo (a/z-^-GGOH * 

& £ o b b , fcl^SfeJtfc 7 U 3 — ;i/(allylalcohol)T & 

3 GGOH CD«?g^MttfflJt7?»«. *7A^nY h^^ — i^J;^>ift 

xm^Jfifcttji^^:^. fcT, Cfi)-, (^-»isrStt#©4j$lli!lll^E*:i«fiDi 
D3gb«ie&£©#Sto>5, (a/Z-^-GGOH ®^)Sft^Itnt^5«tit4S 

^©^f^t^SnS HMG-CoAM^BP^SrflJ/BbXfc, FPP 
H&T^X^ Tl/>-a-^fg^X^§ d £ L^ft ^nT^&VH^M^P 5-192184 
; Donald et al. (1997) Appl. Environ. Microbiol. 63, 3341-3344),, gift, 

mw*mmvT%. mmfcivyhfr&ttv i.3m g ©FOH©fi^&tit^ 
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&^tT£D(Chambon et a7.(1990) Curr. Genet. 18, 41-46), NOH (DQE&J&fe 
ttftl&nTV^Vi. GGOHO^iliUTH #i¥ 9-238692 ^$g{C^U 
T, ffiMIS^aiCckD 1 U y WH&^Sc&fc!) 0.66^3.25mg©*j£s^«#S 

fcfcSfctf&SST&O, GGOH ^(CJt^Tfe^ffl 

y>-;v- D >M^flfcH*3lfic^**trasaffiifi»A dna «fc t) 
MMfcm $ nfc|&£& § a £ £ fc «k 5 y k - ;p 7 ;v n 0 ©j62f$£ & 

*^j£<MVisn, *na>miss&&5wa dxp Mg&^^Tyu-;mu >m 

(HMG-CoA»5c#*Jte^*^i:t"S^/tn>»jgK§l5i#SlOD*e : ? 

\$ j t<DmmM&fc : ?&WLfr&^ z:n&m^mm^m7<Lit. fit, 
^sagaMe^-* ippA-'f y ^ zm^mmzmweom 
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*.DNAXfc*$VA-f ^-T^-hE DNA£, k HD^/f^^'J^- 
OoAJlTcSMe^XH^O^HMfirPft^tJ, DNA3UW 
/A-f >x^l/~hffl DNA <h^, iilliAbTl^f^^Ib. ®E8Ufe 

DNA X^VA^>T^U-hffl DNA £ . -f V ^ >^-;i/- U >S£ A ->f 
V*^-* ete^&^tf* DNA XS^V A-f >f^^- hffl D 

NA »£fc#AbTfeifc*.#*fE»U tsi^^stt^ #e> 
(b) y7^7^-'J ^^jWfcJtfirF*^ tt*©*MHMH t 

( C ) >m^0^jte^^<»^©^^^*^ t > 

(d) ±|B(a)^b<«(b)CDjl^X«(c)©m^«e^^^ 2 5fc His Asp 
Glu Leu T*Sn*7$ ; iEWt3 - Ft*? f WFE^ft 
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snsrs/siiB^&n-Ft^fcc^tf en, y^-^^^v-'J >m-ar 
^^fsn^o 

bxi&ifc*.'fr£fe«u K»ife^#:**&*bfc«> #en****^6^^=. 

(6) tHD*->^?MMU;WCoA 3f7n#£»&^Xfcte©3EJ&3!ite ; F& 
-£t?> DNA y A-T >7^l/- hm DNA ^TcD(e)~G) 

^&j^s»A^a^n5^*rnd>©3ft^s^tfx zmmw&x. dnaxs 

(e) -f V ^ >-rx;i>X U >M A ->T V * 5 -ifjt^ 

(f) ^;in>i+t- tffcte^ 

(g) 7t?;V CoA 7tf ;v h 7 >^ 7 1 7- tfjtfc"? 

(h) fc HD + ^^^^V^U^-CJoA'&riEW**^ 

(i) */tn>U >m^7— ifit^-? 

(j) ^;tn>-U>«^m#mjt^ 

(7) ±E*flsfc:«fcntf, y7-M7-t-;Ht ^fc<tfeo.o5mg/i©ifc3re 

A«U-7)!j07^tX • -feUfS^X A451 YPH499#U YPH500 ^ W30 

3-ia wmv<\* W303-1B «cxttJin5icft*-r*t*fe2s»sb<«ffl*r* 
n*vi*rn^©fe©, t^!:^7'ot-3 7 -M^?^-^^"^-^ 

5g3SfflfflLSIA DNAo 

(9) ^^^D^E— ^-tlTH AD#2 70^-^- 22?^3 (GAP) 70^- 
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> TEF2 yn^e-^-, GAL1 yu^—ty—J^TS tac ^fu^—^ — 

(10) tufBM^^DNA^^^^#AUT^^m^^#:o 

?Z ZL 2>7ls— fry frn—fr<D&7&-%&. 

(i) H 

(11) T;i/n-;u 

(iii) 7>^-T;ffX, T>^EiiT7kS:^X«T> ; &-^A^ 

(iv) h U O A i Sim £ (DU&m 

(v) KH 2 P0 4 , ISY^^^A, «t7>*-^A, n->^T^-yj*- 

(vi) ±i2(i)-(v) ©5^2ffi^±©M^ 

±IB (11) (Dm^mz^X, UT(D(i). (ii)^L<«(iii)<D^X«^tl5 

<d 2m&±<DM&m*^$smwi&7 j - vmt vxmm-rz z. £&x%z> 0 
a) m 

(ii) 

(iii) yy^-yfix, y>^-77KRnx\ty>^:-^^m. 

mmmtevt 12-24 mm£x<Dyj-\zm*<D$kmMj&ft&t?frn~x(D%.\z 
lt^#> ^hhhm^ 12-24 mrmw&y j - pmcommmmttzzi? ; ~fr 
^tsm^\zm^m7Lxmmt^o zotz. ^mm^ 12-24 mmzkmvy 
4~Fm<Dmmmmft*<D±mmmi$ftizttT&^? y-fr<Dm&* 5o%&>±, 
x\t. tgmmf&Wi 12-24 mmu&vy ^ -Fm<Dmmw>mtt*<Dmmmj$ft& 

JL?y—fr(Dfr\Z-?Z Z\ £^T#3o 
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X --fc: 1/ tf^X A451 $c,YPH499 fcfc, YPH500 W303-1A < « W303-1B 

I^. DNA IH^y A-f >r^l/- hffi DNA * An >»ft8SMig3t-g ; ?S 
X A451 flc, YPH499 He, YPH500 flc, W303-1A Ifcg b < W303-1B tlXtt £ 
^l/X;l/XU >^^#^3ta^tl/T«, ^T©(a)^lX(b)(Djife^M^{C 

(c)^ot(d) ©su^-it^^ e> & s a> e> $ n s v> -r © *> © vf e, n s . 
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(d) ±fB(a)^b<«(b)©il^X«(c)(Dil!^aeT^, £££ ffis Asp Glu 
GGOH«> ^^n;i/^^-;i/-U >M (GGPP) £ fulfil UTV>& tmx 6 

ti-c&o, — flgfc«, we ggpp ^mmmm^m^m:^^ v^>^-;p 

— U >lfe (isopentenyl diphosphate, IPP) RtfS?* U )V— U >^ ((3,3- 

DimethylaUyl pyrophosphate, DMAPP) if* «~> GGPP ^©-&J5fcj&*5i3; £ fdtfTZ G 
GOH^S^n^ilif^S'Jl?^^^ (Ml). *7t; 4MTGGPPK*Dt 

nt^et (® d> ggpp &mmm*m±t£i±T*b'ttit>mmmmmm& 
±^-r^>t^m^n. itMi:«ofe§ ggpp^^^^is5£t#^^<H5^« 

fe^B^^o ^-^^Tfe^> HMG-CoAil7C^m^14^ii±$-&feD^O 

^0±f3(e)~(j)^SH«Lfe#m^#*^tt^ii^:$-&^^<hfcJ;oT^An> 

HMG-CoAMTC^m^^iiS^Ji^^i^Tfe.FPP 
©^fnJJC^^m^)©^ GGPP ^^O^f6]^^I^:^tB^©^^^T#'r> GGPP 

t u >^ (fpp) £-j&£&yrr& fpp Gr&Lmm&fcTvmmi)^ 
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*^Bjfc*5^T«, 7u-)v=lv >wt&smmm&?* hmg-coa m^mmm. 



^ (ggpp -stimmxtttttos) nfimvfzti*. fpp ^^.mmmm^tLxit, 

ffl 7L \ttr y^U^^^^'^LV M^^Saccharomyces cerevisiae)ERG20 (MM 
1 ), XyyxUv'T- 3 — ^ -f {Escherichia coti)ispA (ffi?U#-5§- 3 ), A*? 1 
;i/X-7.^Tnit— ^E^W 5 7,{Bacillus stearothermophilus)&$i(D FPP £-J5&lP 
SSJtW (#0§¥ 5-219961 ^H^fF 5,786,192 #) J&*i|£ 5 ft 5 . * 

tc, GGPP ^S^l^tLTtt, M^tif'^nY^t^ • tl/k'M .sr 
52 (SB#I##5)> X)Vy*UAX • Tz/F-ftfrffW^Sulfolobus acidocalda 
rius)crtE (#|H§¥ 7-308913 ^ffl^ff 5,773,273 -*§•) , "9" — • if — 

7 ■< 7 7s{Thermus thermophilus)Tth GGPS ite^OfcHff 9-107974 

^s^fF 6,107,072 ^) ^w&n«. jms©3te-?«:, temoimfc^mm^ 

9 
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fpp ^mmmm^cD^m^ (gt&mmfcT), ggpp ^^iiiifcQ^ 
stc, *mm\z&^Tte. ggpp &f$,Bmmfc^xteJt(D£mm£ fpp 
gpp &f$Bmmfc^R fpp urmmmmfc? omm iz£v±mzn%tfv^y 

&\ziz, dna ^mmummmmx-mmv, z\mz, mcmmwmxvjm 

IsT&^fcmJj® DNA m DNA \Z£ D >^SfcE>y^ J jg 

mvKDm&mt-fntz ^ <t 5 ^jsis-r ^^^^ $ „ 
nsBi^xte lutein iz ± t) *km £ n £ ^ > a t> m ® c ^ iz * 

^^#ff (His Asp Glu LeuT^$tl-5y 5 /MSH^I! (@H^J## 24) : 

£4T THDELiB^Jj <hV>5) Win-r^J; 5 fc, Si75 7^I3^J$3— 

$ *TQfc^ U fc MteT £ f^fif -5 C t % T * -5 o 

*»Wfc^^T», t Kn^v^^;Vy;P^U;i/Co-A (hydroxymet 
hyl glutaryl-CoA : HMG-CoA) Mtc^^jI^ (SB?«## 7 ) XS^dlS 

\z ggoh) s^mctfeTts. s&k, ±m7u-)\s=.v >m.&j$mmm 
fc^xittM^feTt. hmg-coa m7tmmmB^xit^<D^mmm^ t&m 

=£fc*AU *3SSS#SCifeT?tS. HMG-CoA Mt£^^ it^^ iUTH 

±fByi/z:;V-U>m^^i#^a^®^^M J P HMG-CoA JtTnlPStjt^? 
©fcMWtt, *<D-«©** HMG-CoA »5c»**e-?Ttt«*T 

2217&S) ^«Lfc^fit>, iMSTO^ne^ilifCDMiH 
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^yu-;i/-u >m-&f&&m<D7 5.;mmm (fpp •. @b?ij#^2 x« 

4 ; GGPP : E8I##6), XlZ^mm HMG-CoA »5c»* <D T 5 / % 

EHI (E#l#^8) ©5^lfiXttftfl («*«l«-10fl, ^^b<«lf@- 
3fi) BifcXttftiD^©£&a«£CTfe«fc<, 
HMG-CoA315n#*©T$y»iB?!( (E8l#-ff 8) CD ^ 739 ffi<DT$ J 

mt&fkvtz&ikm-*, z.n*>x£:MBmfrt> 1 mx\mm 1 e~io 
-r&£5fcX9cm&m^ x\ttn6\z^-^^n^mm<D7^ymmmiz^ 

fcfltfi^ (M*fcrK*J##l. 3. 5) X«^^MHMG-CoAM7C^*jte^ (S3 

pmm) &pcRx*mmt£itz>m'&\z&\,*T, TaqDNA#u*^— &m<D&m 

& (fidelity) (Di&U DNA #'J^ ^~tf £JB Hfc PCR(polymerase chain reaction) 
TSf'ftl! DNA temmtStt DNA »fl-fc£i;*«a£©BJ«»£ rpcR x^-j 
<hV>V^ #|*-fc£> »^SHMG-CoA«7C»gS3t^ (E#l#^ 7 ) 
fc£€f© PCR X^-fc^S^SCggl^fc^Hf •53~H$n-5^'J^^ 

5 yM@H^J^@3^J## 10 fc^f c 0 2A£*5^T> 3*^ I/^F©^^ gg| 
fff<E>t» (1 X^E), HMG-CoAMTnff^Jtg^CDMJ&n F>©fg 1 1 

Sm<D&mZ* PCR 17-1 HMG-CoA«7C**©T5/ilE5«fc^^T, B 
^fu©T5/m^S QX^E), HMG-CoA M7U^^©T^y^#-^. B& 
t©75;iBi (Hfc^siB) ©Jg^lTS-S, ±|B PCR x^ 
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-m<DM&mm&&tiL&g i &i&mmmfem\z j: x> -s^iet^ z. t *>x%, zl<d 

& o UmEMO HMG-CoA jt7n#St i&fcT t> , «§HJ1 T&m T Z> £ t ifiT* 
%Z>o PCR X7-ti§M©fil©ii^i 2A tl^t. $ e>iC, _hfB PCR 

^<D«fc^3fe#EiEM©HMG-CoAjl7C0^ (SB?!I3Ht 12) FT^jUS^ (SB 

fc^-»*3-F*r* HMG-CoA MtcP^*^ (PCR X^-M^^tf) £ b 
09*-«U PCR X^-M HMG-CoAMtc^]!^ HMGT<DX^Mm.B^ H 
MGlA<DM%^°t (0 2B) O ft±m3^©&^^JKkf6^T?&£o MH (-) 

— y tt^S-^- (fi^ODlfc^) 0 2B fcMU BMGlA02y (DMil 

hX TA026J £^7Kbfc ^3c/\'^ — ><Dt>© 
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-< y * 7 —if) jt^&±iB^wn;mu ^n^s^atfi^ sfctt^-oieRa 

lfifttfefeiAt*CifeJ:oT, #(c ggoh 

arts - £ ippa-< y * 9-«3tfi^t txit /<# (gB 

*Mm #^MMjt£^(Y79M : I3?IJ#^ 37, Y79E : 35, Y79D : S3^IJ# 

* 33) ^A'y7X • TsJ-TU^-^ 74 ?X&*<D ^(YSIM; B*l#-* 39) 

36) X tt Met(SB^lJ#-^ 38) b fe^^^^^ *3-HlT^. 

5>X#V>DNA, i#Al»ft#DNA (YACryeast artificial chromosome) 
HADNAifriUTtt, *«*IBtt&ST?l4fc<, PCBi*X»a^^rtteJ:t> 

K DNAitTH «*.tfpBS413, P RS414, pRS415, pRS416, Y 
Cp50, pAURll2X&pAURl23&£cDYCp gr*III«-»#->* p 
YES2XttYBpl8&if©YBpffl*J»Hf.BH»S/^ pRS 403, P RS4 

04. pRS405x pRS406> pAURlOl Xte P AUR135 Yip ffl^Mf-HHfci'* 

*»***©^9^5 H ( P BR322, P BR325, P UC18, P UC19, 
PUC118, pUCH9, pTVllSN, pTVll9N, pBluescript, pHSG298, pHSG39 
6 £&«pTrc99Afc£© ColE^y^T^ h\ pACYC177 X\t pACYC184 
©pl5Amy^X5 h\ P MW118> P MW119, pMW218X«pMW219&£© p 
SC101*y^5H#), filiI4*c^^3 K («AtfpUBUfc P TP5 «) 
ftW6ft ' 7r-^DNAfcbTI4A7r^ (Charon4A, Charon21A, 
EMBL3, EMBL4. AgtlO, Agtll, A ZAP), </>X174, M13mpl8 Xf4 M13m 

YAC ffl^^^-ttxtt P YACC2 & ZWmvf £> n« . 
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TDH3{GAP)7u*z~-$~-^ ADH1 ^fu^t — ^-, TEF2 ?U^ — 
S:ffiU^^<h^T#^ 0 ^IfTCMttT, fop, *kn tac U 

^fM^<i:Dx>A>-y— ^t*0yXXl/^>h, xy^-fv>^>^ 

31^-7— # — tlTH Z7iL43, £#£/2> TIBPi, ft ^©^^^©^ 

ii^^titST-^-l^, Amp 1 , Tet\ Cm\ Km\ AUR1-C^(D$K 

abhi cYci?-$*-?~m*m^zzt&r^z> 0 

H>Ji^^SDgB^J (5'-AGGAGG-3"rft^$n^)) £ita^&tr £ £&Tf#£o 
#^fC^T«fc^Affl«;t DNA ibT^^tlfc^^^^-^, 

H<tLTpRS435GAP^^MU^«h^O^^^^- i S < J 1 ^(D^^oD 
M^£^2 \Z^To pRS434, P RS444, pRS445 F<D^&%, ±fE7 P D 

^-^-£©m^£-:bi*££?K pRS435GAP £ m CMMTfBftTS £ <h/$n?^ 

-So 
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2 







PRS435GG 


7 ^X$H pRS435GAP \Z GGPP ^fiESlSS? BTSl ifim" 


PRS435F 


y^Ts =• F P RS435GAP fC FPP £-]]«|ff M£T ERG20t>m 


PRS435GGF 


GGPP ^-^^^jie^ ^T^i £ FPP &J$mmmfc : ? ERG20 

tzz\ (omxmm b rcm^mm^ p rs43sgap izmn $ n 


PRS435FGG 


FPP £/&@§i|f itfe^P t GGPP ^^^^jte^ .57^2 
£ £ d ©JHT«ISbfc»^«e^ jjf PBS485QAP $ ft 


PRS435GGHD 
EL 


PRS435GG fC HDEL &m£n — J* * l/^5P FiR^I^ 


pRS435FHDEL 


PRS435F HDEL IH^J^n- ^ HiB^J^a" 


PRS435FGGH 
DEL 


PRS435FGG iC HDEL IB 3^1 £ 3 - F T & ^ 1/ ;f ^ F SB^tJ^ 


PRS435GGFH 
DEL 


PRS435GGF £HDELgB#J£ 3 - FTZZZ Vir=f- FSB3W 



Sfe, FpRS434GAP JK^ijte^S^L^^^ r pRS 434G 

AP-HMG1J <D&?lzm^t% 0 ^7X^ F<fcL-TpRS434GAP£&fl!Lfc£^ 

pRS445GAP*©*^fe, pRS434GAP <hl^ C 



* 3 







PRS434GAP- 
HMG1 


77 ^- F PRS434GAP \Z HMG-CoA it tcH* Slitter 


pRS434GAP- 
HMG1A 


77X^l F pRS434GAP fC HMG-CoA M7uHitiie^ 



2. m&*.tt<Dffcig 

*»fc?*fctt*tt5 0M*afi^ *£tf/3:&WU HMG-CoA 
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v>m&mmmmfe^ hmg-coa m^mmm^, ippa.-t vt^-amm^ 
*fett(e)~(j)f-f2bfeji^^#tj>iam^. dna wmis:£<DMmmmmm*k 

mmtVTfo, ^®^(Myxomycota), HKiKPhycomycetes), ^ftM^CAs 
comycota)> S^«^(Basidiomycota), ^£»g|(Fungi Imperfecti)#^f £ 

y^J D7-f -fcX • tI/H'>I (Saccharomyces cerevisiae \ /^fiiUT^I 
6>n£h ^ • 3.— ^ VX(Candida ufcYis)£fcte tf^T • h U 

X(PicJiia pastoris)m. ^W^^yVij-yADY^ftX • ^>^( J g&i>osac 
charomyces pombe)^tfm^£>tlZ> 0 lP#<D#cte, ^ ^^^^f 

Tf2©A451tfc, EUG5*fc, EUG8^ EUG12 EUG27 YPH499 tfc; Y 
PH600 8U W303-lAt*, W303-1B & ATCC28382, AURGG101 «E. AURGG1 
02 AH18U YHlHt&gj&UlltfStiS. S^©^*. DNA ©fA^S^, 

A451 (ATCC200589, MAT a canl leu2 trpl ura3 aro?) 
YPH499 (ATCC76625, MA7h ura3-b2 Jys2-801 ade2-101 trpl- A 63 his3- 
A m> A 1, Stratagene , La Jolla, CA) 

YPH500 (ATCC76626, MATa uraS-52 Jys2-801 ade2-101 trpl- A 63 his 
3- A 200 Ieu2-M, Stratagene) 
W303-1A (MATh. Ieu2-Z leu2-\\2 his3-ll ade2-\ ura3-l trpl-1 canl-100) 
W303-1B (MATa Ieu2-3 Jeu2-U2 his3-\l ade2-\ ura3-l trpl-1 canl-10 
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0) 

AURGG101(A451, aurl::AURl-Q:*%W\Z ^xmtLfEtUt A451 E&*$cT 

AURGG102(A451, aurl::GALlp-BTSl&AURl-C) :#5fc9Ifc «fcoT#5£3n- 
fcA451 timmT-AURimfeTmiZAUBl-CMfcTlzmz, GALl7u=E-?~-^ 

EUG5, EUG8 (A451, ERG9p::URA3-GALl V ) : *3§0J{C&^Ttf£$ tlfz 

A45i s*tri?&*K *27v>&jmmmfc=?- erg9, mnmmw.M$i^-ti 

EUG12(YPH499, ERG9p::URA3-GALlp) : ^^^T^^nfe YPH4 
99 f£l&*re ! & 0 , jEffG^ URA3RU GALlp „ 

EUG27(YPH500, ERG9p::URA3-GALl V ) : #SgEfc:feV>T#&$nfc YPH5 
00 *3(Et1cT* 9 > £2?{?A URA3RZS GALlp $^tr 0 

AH1 tfc(pRS434GAP-HMGl/A451) : *5gWfc*5ViT»S:$tlfc A451 ft&ft 
Tfe 0 , A451 iZ pRS434GAP-HMGl ^#A$tlT^S„ 
YH1 4*(pRS434GAP-HMGl/ YPH499) : *5SW£:fcV>T»:£S:nfc YPH499 
D , YPH499 pRS434GAP-HMGl ^A^tlT^S, 

K***tbTtt7-^F7 , (archaoa)t^^5 t UT(bacteria,««)*«*Kf 6tl 
* o £ l/tlt ^ ^ 7 A^T" U V I±m(Metanobacterium)fZ E<D*&> 

tkMM. ADA^7 U V J±M{Halobacterium)1Z g<Dlfr&m. X)V7 * D A^MCS 

(Escherichia coli)m<DJL-> x. U v-7JI!, ti^g (Bacillus subtilis)^ A v • 
7V\ZMBacWua bTevitt)*$<Drt*/7Xm. vo.- • ^^(Pseudomo 
nas putida)m(D^=L—^=E-)-7,m, TVuWtWJ* • !y^^y>X>X(^ 
robacterium tumefaciens)^? tfuAZ? fUf A • 'J x * * (Agrobacteriu 
m rhizogenes)m><D7>?un!7^\)ry^^ 3 U ^/t^-=r ij A • ft A (C 

orynebacerium glutamicum)^ ©3D ^f'J^L ^i? h /1 5> ^ X • 5> 
> ^ 7 A (Lactobacillus plantarum)^ hAis^XM, T^^/^^^L^M 

(Actinomyces)^* bU7 hY^ irXM(^r e pto^e£r)#©^^K^(Actinomy 
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cetes)^^e.n-5 0 

afi^^StlT^T-bcfc^. «i:tT}t BL21, DH5 a , HB101, JMl 
01, JM109, MV1184, TH2, XLl-Blue, Y1088 *3W*WrSft*#, ^tlSfC 

ot-^-ftfflv^Tfe.fcw. mm^(Dmm^?*-<DmAjfmz, mmiz dn 

JIfi^»^IIIttte#ASn^^5^0«Btt % PCR(polymerase chain reac 

ft**.** 6 DNA $ilU »A DNAtfftW:/:^ V-fcKW-bT PCR *ff 

ym*lXtt*tK?U-WJM»*ffV^ JUlSX^SA, SYBRGre 
en«*fcJ:DjfeftfS*, **^tt UV«W*T DNA ft*fflU ill^ i 



3. yu^;UT^3--;u<D^a 
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mmm. ass, mi, m u M**«o»«*»*« fc ff3 Cia ,, 

««*#T. 26^-42^. **K tta ^SgiiLfc^,^^ 

wags. 7;i-*ugfs*&«uTff5„ 

9, SAb^XS H DNA^pRS435GGF* J; tXp R S434GAP-H M G 1 
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5^;ww< F : x?ru>. h3 7in-;K ipp, dmapp 

: *-^h-;k MJh>X-305, X/\°>85, / ~)V LG10 

9(Ai«^m), T^y-;kLG294(jfl«^^). T^rti J ~)V LG295S(®«^^), 
T^y-;PLG297(Mlt^M)^ 7x^y-;PB-3009A(teSYbM), 7t*^D 
-y^ L-61(jfi*^M) 

»M^«o.oi%^jt, ^sKtti^TSD, Rmm&mmmz 0.005% 

(i) m 

(ii) T)Vn— )V 

(iii) r>^-y#x. T>^e-T7icMx«T>^-r>A^ 

(iv) ^iftth'J^AiSiio^i 

(v) KH 2 P0 4 , M^^->^A, Si?7> ; EZ^A, j-^^^^g^^ 

(vi) ±IB(i)-(v) (Dot, 2m^±(DB^ 

±mmthx^ ?)vn-^^ ^zu-x, 

^f^tlS. Ti^-jP^tTH x^/-;k ^pav- 

21 



WO 02/053746 PCT/JPOl/11214 

ffl k 12-24 WNWEWifcx* / -;i/S^tr^*^*as * 7 * - f 

fcojgij©** c t k «fc o TlM^ttt§ c t t>-c^& 0 

#3BB£*5V>Ttt, MZ.ttGGOU.<D!kmW (GGPP ^jfcSjfcttWt FPP 

mmm&?t<DM&Mfc^z^ts yhi «o ^Ato^is^cjRHt&s 

• VsTStftt^Mjte^*^ YPH500 Sttii^^t^^iia^gtt 
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(i) pRS445GAP fc, GGPP BTSl A,T^ X ^ H pR 
S445GG*tfs«U Ctlfclt^T** A451 tfcXte YPH499 Jc:*g Af <3£, GG 
0H£gS#*±#f3 (TO*tJ0.4mg/l) o 

(ii) ggpp iBTsz t fpp ^mmmmm^ ERG20 1 oa^i^ 

^£ PRS435GAP X« pRS445GAP K: 7 * ^ H pRS435FGG> pRS 

445FGG, pRS435GGF Xte pRS445GGF, «fe£tr*fcJu Cft SiSl^jlfi^©** 

mvfrt^izttmznztfv^zF-w c ^astc hdel I2^j^#jn $ti§i5 

fcBfe^bfcae^ &^tT^7^$ H) pRS435FGGHDEL> pRS445FGGHDEL% 
PRS435GGFHDEL Cn5«f± A451 Xtt YPH499 JC^AT^ 

ERG20-BTSm^W-^0.20mgl\, BTSl-ERG20M&^i% 0.39mg/L #7191- 
ERG20-HDEL i^T?^ 0.62mg/l © GGOH 

(iii) HMG-CoA M5ulP*itfc^ .ffll^i pRS434GAP fCil&«^& * ft ^ 7 X 
5 H pRS434GAP-HMGl ±fi»^3tfi ; f ^tf^5X3 H pRS435GGF £ 

YPH499 fciAbT*»8t5i, TO 1.55mg/l © GGOH ZfkMTZ. 

61mg/l © GGOH ££jg-T£o 

(iv) pRS435GGFHDEL <h pRS434GAP-HMGl ££^£YPH499 ICiAbT 
#mmTZ> TO 1.50mg/l © GGOH &±M*? YMO 301:^ 7 B * 
*f 3 £ 5.64mg/l © GGOH *$LM~tZ> a 

(v) P RS435GGF t P RS434GAP-HMG1 £Zffi± YPH499 IzMXVX, 
-77"^>^-T 109 l$K#arr-5 £ 128mg/l © GGOH *4jlt5„ 

(vi) HMG-CoA«7C»*jte^iL GGFtt€rtt^££#3IS£;£-fr*£, St 
A,£©*fcT 100 mg/1 £U:0 GGOH S£jgU 189 mg/1 © GGOH 

(vii) HMG-CoAjlTC^^jt^^t GGF Btefcfc^ t ©^^^JEm*^ 
R^-ffif^bfcpRS435GGF/YH3#SJlVi7x 20 

nmmzoyj- \*mt it 500 g /i ^n-x**^ ^ § t 0.47 g /i © ggoh 

£\ 400g/ix^y-;^^^^§ < j : 1>16 g/1 © ggoh *$LMt 
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(viii) pRS435GGF/YH3 tt*JIV», 7i FAy ?***fir 21 
MT^n^AftjBJDLfcS^tt 2.5g/l CD GGOH *»f *. 

0 4tt, ^7X5 H P YES2 ^^t"glT^-5 0 

■ 5 14, ^i^n^- ^-5*-^-©i3W*«rHT**. 

m 6A ^7X5 F pRS414PTadh 

0 6B fct, ^7^5 F pRS414TPadh ^t@T$l, 0 

0 7A :/^X5 F P RS434GAP S^tiT*^, 

0 7B tt, ^7X5 H pRS434TEF S^f.BlTr**. 

0 7C tt, FpRS435GAP ^tHT*5. 

0 7D ^7X5 F pRS444GAP ^t0T^^ o 

0 7E y^X$ F pRS444TEF ^t@7r^§ 0 

07F&, KpRS445GAP£^r0T&3o 

m 8 P T7 «**-K**znit**;in>mmmwmmtt<D*to**r 

0 9«, y^X^ KpALHMGlO6©^M0^^-T0Tfe-5 o 
M 10 tt, ORFl82»fM-±©«!||S#*B|iaj-&S^t- HTfeS. 
0 11 B. stearothermophilus FPP ^J&S^^#(Y81M)CDfgg^ ^ 

0 i5A a, %immm*<D&7u-ji-v >m^mmm<Ditm^^m^$>^> 0 

28 
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y HMQi-&e.=?% A451 \zm\v 

0 17 B. QALlp-HMGl **b YEp A451 X(aAUR 

6(3101 *** i ^* 4 *®*«»**©(KK>H4M*** HTi64 
018 a, ^SK P YES2-HMG*. AURGG102 £ AURGG703 ^i* A U 

■ 18 B. GAL1 P * *_ pYES2 ' HUGm ^ mx L 

021 B. <Mi***«M**-pTO2t=**a2a«BJ«fiTtJ|IAUAt 

s® ggoh sasss-ratrs-s 

022 a, a^**^**-,™, fc^a^ Jte ^ s#AL&i 
*® ggoh ^sgss-rH-css 

02 3 a. p4M. puumttmrsMm*. * IPP t DMAPP 

0 24 a, «h, t B<w®iMe IMt j Wtftlt 

0 25 a. aBaaumna^^t A451 * ot , t » Al , T GG0H ± 

0 26 «. JHWBfrMH/ a«fif S YPH499 »o* fcWA UT GGOH 

0 27 a. JBWIH, *S?A YPH499 *«t«±£ b7t t #c5 GGO „ 

0 2 8 a. aawwiB WH 4 99 Lfci#ffl GGOH 

A451 »»t tetUft tSffl GG0H 

li« ***^ £ L&t#W GQ0H *«*«*^«lt* 
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B 30A fi. WH499 »5SiiL*i^ GGOH £Wn$M% Vft®& * 
0 30B tt, YPH499 ^f±^^ tc GOGHa*****!,**** 

m 31A tt, A451 fC pRS435GGF t pRS435GGFHDEL A U *r£®tt«[ 
it2 0 ^*^<^©GGOH©£|gfi£^1IlT&3 o 

0 31B 14, A451 fc PRS435GGF pRS435GGFHDEL $iAU B>T£<DilM 
J*T 4 B**Lfc££© GGOH ©4St**tHTft«. 

H 31C A451 P RS435GGF £ pRS43 5GGFHDEL $^AL, 
^7 0^iUcit© GGOH ©^MS^-THT* 

0 32A tt, AH1 te pRS435GGF t pRS435GGFHDEL §#AU *r£®ttftL 

® 32B tt, AH1 fc pRS435GGF pRS435GGFHDEL *r£®**L 
SfcT 4 0 mm Ltc t GGOH <Z>£jM***-B*7* -5 . 

® 32C tt, AH1 fc P RS435GGF <h pRS435GGFHDEL ^iAU m£<D«||£L 
*T 7 BML&fc*© GGOH ©4»*«*f HT**. 

HSSAtt, EUG5 IZ pRS435GGF <h pRS435GGFHDEL ^AL, 
MoT 2 B«*lft: GGOH OSM^tHT**. 

H88Btt. EUG5 \Z pRS435GGF <t pRS435GGFHDEL §^Al, Bfftoft 

0 33C tt, EUG5 pRS435GGF <fc pRS435GGFHDEL ^Ab, 
«*T?7H»l|bfct#©oaOH©4Mftv-rHT**. 

H34Att, YPH499fCpRS435GGF£pRS435GGFHDEL^AU 
irMcT 2 B t & <h * © GGOH ©4iift*tHT*4 . 

■ S4BI4, YPH499(CpRS435GGF^pRS435GGFHDEL ^#AL, ffifttZ) 

•**T?4H**ba:fc*oaaoH©4 fe M«*rHT**. 

WH489fcpBS486GGFtpBS48BGGFHDBLft*Ab, 0f«® 
»t*T 7 H Wll/fci*© qqoh 04jttt*tHT*«, 

® 35A tt, YH1 fc PRS435GGF t pRS435GGFHDEL ** A U 
H»*^fci*(OGGOH©4*ISwtHT»*. 
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m 35B tt, YH1 fc pRS435GGF t pRS435GGFHDEL &iAU Jff&CDftfe 

4 B»*t,fc£*0 GGOH 04*I**tBTt*. 
SI 35C tt, YH1 fc pRS435GGF fc pRS435GGFHDEL ^AU Bf^©HM 

B«*Ufc^ff©GGOHCD4feK«*rHT**. 
m 36A tt, EUG12 (C pRS435GGF t pRS435GGFHDEL S»AU 0f£(Z>« 

H 36B tt. EUG12 te P RS435GGF «h pRS435GGFHDEL SiAU 

0 36C tt, EUG12 }C pRS435GGF 2: pRS435GGFHDEL L , Brfe©* 

»87tt, pRS435GGF/YHl (pRS434GAP-HMGl/ YPH499) 

S38 ^15-2 *t, *5W» M ^ 77 ^^ Wl/fcWc 
■ 41Att, HMGMSDAJKE»**«Ft, GGPP Mmifi^ ft M 

*«w»«t»i**»aa* & * fcftlts GGOH 4*****1.*** 
*t^n^it*» a3 ^ fe4!W ggoh ^a^^bfe^m 

*i^Mfif it ^ asmwi , s GGOH 
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n m & mm? § tz © <om& mm 

(1) Stratagene#© p RS*#^-, Invitrogen ft© p YE S, Xtt&«^i 
romyces cerevisiae YPH499 ft^/A DNA ftfeifebt, »«^*-. p 
RS435GAP ft £ £ f^Jgf -5 . 

(2) *rtu>mm®mmwmmm?<Dt7u-~>if 

r±*n,mn* a 7±*n,*mwm*tt hmg-coa aswaae^xtt*- 

* a p >m- u >iiMiiti e*, -f y ^ > 5r - ^ - y >K A ^ y ^ _ _ ^ 
at- *. 

(3) A451, YPH499^^©^fc, * AD y ^ 
F*J»X-T*. *fc, A451, YPH499 ©^ADNA *© JEBG9m^n^ 

-*~* P YES2 **© G^S?^^^ TiiLmt (EUG ^ ^ 

(4) A451 ^ ifift< h Vft A451 ^ 4 ^ AURGG1 
01, &tfAUBl&fc^mZAUm-Cmtelrt&^ GALl7u±-*~-^ BTS1 
**&CrCl*-S*-*-**t> A451 A** AURGG102 £ffM8?U «^ 

(5) Mfi fc^^z.j >Wrti*»^^-t iAU YM7 mm (Y 
M«ltlW)HTpB7feilUfefc(D), YMO «Jt, IPPS^DMAPP^^ 

»N**U ^ ********* 

ggoh satm-***; 
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(1) E. coli-S. cerevisiae h JV^t? $ — 

Stratagene F pRS404> pRS405 RZt pRS414 (0 3 ) £»A 

LTco S$@jt<fcD P AUR123 Invitrogen & (Carlsbad, CA) 5 pY 

ES2 (04) §IALfco 

(2) y/ADNA 

fi. cerevisiae tf /A DNA SSiS^ 6 7 A DNA MUm *r y b TGe 

nt^><AjJ ^iAl, i#©yo|>3Jl/i;foT5. cerevisiae YPH499 ft £> 
^7 ADNA^IiMbfe. 

c©ff£VADNA«, caff JM109 (SffiiS) *^©^TIIbf:„ J 
M109 * 1.5 ml 2xYT 8tffin?iSSI&, I^i:J;0AlL, 567 Ml CD TE (pH 
8.0^ 3 Ml CD 20 mg/ml proteinase-K (Boehringer Mannheim, Mannheim, 
Germany) &CX30M1 CD 10% SDS SiDA* 37t:T 1 100 Ml CD 5 

M NaCl %HQx.m€tVt£o zn\Z, 80 m 1 CD CTAB/NaCl &?K (10% CTAB, 0. 
7 M NaCl) SJD*, 65*07: 10 #ML£„ 700 Ml CD^DP^A / 

^V75;V7;i/3-;v (24.-1) TitKb, eoo mi cd^x/- 

;W^PDsfr;PA rtVT$.)V7)Vn-)V (25:24:1) TttffiLfco ttm^CD7jc®® 

o.6 §*cD-r vjurts—fr&nxx^hfco mmmft* 70% x^/- 

Jls^m^ <£««100 M1CDTE (pH 8.0)fcJgfl?k;*cJ»S$VA DNA8£*S£U 
fc= DNA £r OD 260 7rS!l^> Jgfctk DNA 1 Mg/Ml «fc v \z TE T 

& coli #>£CD^X5F DNA tt, Promega (Madison, WI) CD Wizard Pur 
eFection Plasmid DNA Purification System ^M^T^iigLfco 

(3) pRS414 ^ ADHlp-ADHlt ©rtfCDJifA 
pRS414 (03) $ JVael £ Pvull TMt, fl ori t LacZ&to&^&ts.^ 4. 
1 kbp »fW-*T^n-xy;V«5C*»T«f«Lfc. P AUR123 $ ifcunHI 

TSJBrU Klenow iiT?f«(cbfcf, T^fD-X^m^l&T ADHl 
7n^-#- (AVHlp) Tk XS ADHl (ADHlt) 1.0 kbp 
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©wfr (®5, mmm^23) zmmLtc. p r S 4i 4 © 4 .ikb P mmzu, xmm 

*-TRPl 3W»oT*0, pAUR123 1.0 kbp tffrtt .Wip , AOittt *5«fctf 

NA^-f *sa>*y hfc«fc D**|t,&©5 jR SURE2 X-/\'-n > tf x 
> h$flfl£(Stratagene, La Jolla, CA)^JB3CfcJfeL.& Q 
#5^11^5^77^ F DNA*WU&a i Seal fc.k*Ty fcf> 
Lit £H*>, -aOCD^^TpRS414^#A$tlfcy^^^ K pRS 
414PTadh (0 6 A) &e£pRS414TPadh (0 6B) **#Sft& 0 

(4) P RS CFCit ISrttC9*PA 

cyci «^-5^-^^crca mm pcr ^wrnvft. ut<d pcr jsa-u 

DNA : XhoI-TcyclFW t Apal-TcyclRV t <D®.&&* PCR JB 7 5 -f Y-DN 

XhoI-TcyclFW: 5'- TGC ATC TCG AGG GCC GCA TCA TGT AAT TAG 
-3' (BB3&J##40) 

Apal-TcyclRV : 5'- CAT TAG GGC CCG GCC GCA AAT TAA AGC CTT 

cg -3' emmm^ ad 

Rfctt, 0.1 Mg P YES2, 50 pmol T^-f DNA, MgS0 4 HrW lx PA 
Ay7r-(Promega, Madison, WD, 10 nmol dNTP, 1.5 u P/z/ DNA #U 
tf (Promega)&tf 1 Ml Perfect Match #U — ifX>A>+h- (St 
ratagene) £Hrtf 50 ^1 U 95*C 2 *h (95<C 45 60*0 30 

# V 72«C 1#)X301M*;K 72-C 6 4h h y * <DKJ&*frTfx'D fc. Jf 

2 a© dna **n^n 1 4^ u 7*D-xm«*» 

T 260 bp <D DNA »?Jt£» §gb CYClt-XA tlfco 

PRS404, pRS405 CD Xhol-Apal of^fC CYClt-XA $#Al> pRS 
404Tcyc, pRS405Tcyc <h bfc„ 



(5) Siynt- ^— ©H§« 

pauri23 &r£\mm>?; a dna ^shcltpcr ^ Dfe^yp^-^ 
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£Hrty DNA IfrllSlt mm Lfe DNA ^tt&T©* Dtfe^ 

SacI-Ptdh3FW : 5'-CAC GGA GCT CCA GTT CGA GTT TAT CAT TAT 
CAA-3' (!2?IJ#-if 42) 

SacII-Ptdh3RV : 5'-CTC TCC GCG GTT TGT TTG TTT ATG TGT GTT 
TAT TC -3' (SB^J#-^43) 

SacI-Ptef2FW:5'-CCG CGA GCT CTT ACC CAT AAG GTT GTT TGT G 
AC G-3' (8E#l#-5§ 44) 

SacII-Ptef2RV:5'-CTT TCC GCG GGT TTA GTT AAT TAT AGT TCG TT 
G ACC-3' (ge#!#-5§ 45) 

ADHm^7u*:-*-ADHlv Jctt SacI-PadhlFW SacII-Padhl 

RV ft PCR m DNA ^<T-fc^ ^, mMlZ P AUR123 ftffi t*fc. (04 
P) Sm^U^-Z-TDHag (GAPp) SacI-Ptdh3FWX0CSacn.pt 
dh3RV ft PCRffi DNA ^-f7-|CJ|V», TEF2^^f U^-?- TEF2p % 
M \Z\Z SacI-Pte£2FW ISlXS SacII-Ptef2RV ft PCR m DNA ^ ^< V- \zm „ 
fflfctt*n**l***V A DNA ft/B^fc. S***»a, 0.1 Mg pAURl23 Xtt 
0.46 Mg ***VA DNA, 100 pmol DNA, Ix ExTaq Ay7r 

-(^jgjS), 20 nmol dNTP, 0.5 u ExTaq DNA #U ;* 9 i 
Ml Perfect Match #U * ?~t?X>A>tf-ft*tf 100 Ml BttftMU 9 
5^ 2#, (95X: 45 #, 60^ 1 72"C 2#)X301H'*;K 72<C 4 4 <C 
* h y * ©K**#Tfr -3 fc 0 iiHg Lfc 4 i© DNA ft Sad <t SacII T?«JK U 
T*U-Xr»n*WmT!*tl*tieao bp, 680 bp, 710 bp, 400 bp ©DNA 

Wrfi-ft#|?u tidjzsp, r^tufeo 

(6) 2M DNA^H^^©PM 
YBp^^^-T?** p YES2*&p[t JvaeITr«I»f«, 2m DNAKSHttA 

(2 M ori) ftHrtf 1.5 klwWM**r^D^y^fl«i) c » R:<fct ,| tt | L% Klen 
ow aWW*»**fcU £© DNAlKrtf-ft 2/iOriSN 

(7) YEp ^^^^ ^ -©ffcSg 
pRS404Tcyc, pRS405Tcyc ft BAP (bacterial alkaline phosphatase, 
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mmisfc JVaeE^fc2/iOriSN^#Ab, i& caff SURE2 fC^SfeJ|L/fc^y 
H DNA SriiMbfeo Dralll EcoRl, Hpah Ps& 

2ktfpvumz±v)®m'&. r^fD~^^mft*»u, 2 j* ori <DWxt*r<D$i 

ZZT-^yZLfro ^MUfcpRS404Tcyc, pRS405Tcyc fc pYES2 t|S|ClPl^T 
2 * oriWAanfcy«§H«n*npHS484T^tfOri, P RS435Tcyc2 
MOri £ U pRS404Tcyc, pRS405Tcyc fc pYES2 tK^fp 2 /* ori #J?A 
Sllfc^XS Kfc**l«l pRS444Tcyc2/zOri> P RS445Tcyc2 n Ori t b fc . 

P RS434Tcyc2MOri, P RS435Tcyc2 M Ori, pRS444Tcyc2/z Ori Rtf pRS445Tc 
yc2MOri©4®©7 P ^X5 Sad.Sad.1 MGl\Z, fc^7n 
)f ADHlv, TDH3p(GAPp), PGKl V Xtt TEFip ^jfAUDNA n->fl;L 
fco (i) pRS434Tcyc2/zOri^e>pRS434GAPS:^ p RS434TEF^\ 

Gi) P RS435Tcyc2MOri^S pRS435GAP (iii) P RS444Tcyc2 M Ori ^ 6 P R 
S444GAP TO* pRS444TEF (iv) P RS445Tcyc2 a Ori ^ & P RS445GAP 

S 5 













pRS414PTadh 
pRS414TPadh 
pRS434GAP 
pRS434TEF 
pRS435GAP 
pRS444GAP 
pRS444TEF 
pRS445GAP 
* -v — * — rK?&/ 


YCp 
YCp 
YEp 
YEp 
YEp 
YEp 
YEp 
YEp 

=-3.2* IS 


TRPl + 
TRPl + 
TRPl + 
TRPl + 
LEU2 + 
TRPl + 
TRPl + 
LEU2 + 


ADHl ADHl + 
ADHl ADHl 
TDH3 CYCl 
TEF2 CYCl 
TDH3 CYCl 
TDH3 CYCl 
TEF2 CYCl 
TDH3 CYCl 


ARS4 & CEN6 + 
ARS4 & CEN6 + 
2 ju + 
2fi + 

2 JLt + 

2p 
2 M 
2u 



SrSrSV pRSt.YEp^^-^pYES WW.Wi, Jlfts*!*-?** 

(8) YEpM^^^^-©^#^cc>^A 

fP« L YEp Ig^JI^ ^ ^ - © DNA ft******? « ^ *R« § & ^ # 
YEp g*a"C* » 40 ng£Frozen-EZ Yeast Transformation II (Zymo R 
esearch, Orange, CA) Vife^T YPH499 ^SA L (#J®«*y 
KW»te*r>fc), SD-W«^yi/-h(DOB+CSM(-Trp), BIO101, Vista, CA) 
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GAP 


TEF 


pRS 434 


>1000 


>1000 


435 


>1000 




444 


>1000 


>1000 


445 


>1000 





**^NA^S©3tfi?^n-ri>^©| 6 fc tt , clontedha (Pal0 Alto> CA) 

iDiAlfcS «""to«DBY746 **© dDNA "Quick-Clone c 

DNA" ZRWzo 



(1) 7 7M 5>/U~ U >il^M jgfi?c!> >> □ -->// 
(1-1) feccAaw/iy^aff cerevisiae m$k<D FPP ^^3*^ ERG20 : 
PCR(polymerase chain reaction)*^ eenviaiae FPP ^^iilgf ^ 

eaoft 0.9 kb P km- (imi) t, c dna ft*nicLT»«Lfc. pgr ^ 

Primer 1 (SCFPS1):5'-ATG GOT TCA GAA AAA GAA ATT AG-3' (8B*J# 
^ 46) 

Primer 2 (SCFPS 2):5'-CTA TTT GCT TCT CTT GTA AAC TT-3'(@3^J# 
* 47) 



lOx ExTaq (Sfijfr) 5 Ml 

2.5 mM dNTPmix 4 
5 u/#l ExTaq (Sigjfi) ! Ml 

10 pmol Primer 1 
10 pmol Primer 2 



?h50 ill tt§ 

±BK**«**V>, 94«C 45#, 55«C l*h 72X: 2#fc 80 1M */Pfro&, 
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PGR KH-*T<fD^xy^«*|W»T««|, pT7Blue-T (Novagen, Madis 
on, WD^T/A ^^> 3 >{Cj:D^D-->^Lfe 0 ERG20 \% pT7Blue-T 

*©Z«cS£raCiaj*fc#A3ftT^fc (08). ^n-n>^bfcKfr©ttM 

»***fr* SGD (Saccharomyces Genome Database, htt P :// BBT ,nn, a . TO . 
t ftpford.pdn^awhnroTny ^pfl /) ©EWiiJfcttbfct 1-300 610-1059 

KDNA£pT7ERG20£bfc„ 
(1-2) Escherichia coff ft*© FPP £-J&g*jft£?. : 

DNA **SfcU «T0*a*U =f DNA $^-f T-te«n 
TPCRfcJ:D* caff**© FPP ^S^Jtfi^xffM (iH^J#^ 3 ) ©^p- 

ISPA1:5'-TGA GGC ATG CAA TTT CCG CAG CAA CTC G-3'<K*F*# 4 

8) 

ISPA2:5'-TC AGA ATT CAT CAG GGG CCT ATT AAT AC-3'(bB*I#* 4 

9) 

lx ExTaq ^77-, 0.5 mM dNTP, 100 pmol ISPAl, 100 pmol ISPA 
2, 0.2 Mg 2£ caff A DNA, 5 u ExTaq fc^j£ 100 Al ©R*»*T?, 
94t: 1 55-C 1 72-C 1.5 30 1M C tT? PCR *ff o 

fe 0 pgr mmt ecori t sphi Twmm. rxn-x^jim^wn? 1.0 kb P 

©DNAK^*«f«UpALTBR-Bx2 (Promega) © EcoRl-Sphl \Z If A L , 
A caffJM109 ^ALI^D-=>^ fti ^ RL ^ ^ ^ 
zmL iWH £ ft V^c MR* *7 v tf > $r fc ± * IE U < ^ XfirfW* A $ *i 
FpALispA4, pALispAS, pALispA15, pALispAlG 23:0? pALispAl 

8^#e,n^ 0 

(1-3) Bacillus stearothermophilus ft*© FPP -o-JEifc^^jUg^ 
4*W¥ 5-219961 fE«© pFE15 ft Abfl ^ T*J»r«, 2.9kbp <Z>«9*tt 
**^«PPP^»*31fi^»fr*||»«b fc . P ACYC177(B*^>) 
© ^cal 8S#fc:#AU .8. stearothermophilus ft*© FPP 1=rj5»f!f jtfe-^ # 5 
(IB3W§-25) S^tf»a^^^ — ftf^«Ufc. 
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GenBank(http://www.ncbi.nl m .nih.gov/Genbank/inde X .html)fc^§ S cerev 
^emGGPP^mm^(A.N.V316B2 W Jiang, et al, J. Biol Chem 
270 (37), 21793-21799 (1995))©fif fg£ fc £ fc, *«fi* fccfc 0 a _ p Stl<B 

«© cDNA 5^ ^ ij - (Clontech No.CL7220-l) Mtlfc PCR £fro fc. 
N : 5 ,. ATG GAG GCC AAG ATA GAT GAG CT-3' flE*" 

a 50) 



C*«MI^-f ^ :B ..TCA CAA TTC GGA TAA GTG GTC TA-3' (1H^J# 
■^•51) 

PCR«, Perfect Match * U * 7-fX>A >^-(Strata g ene)*^ U 9 
4* 45 9<D*tt.55C l^©7^U>^72t: 2»0#« 1 ***** 

b t d 30 im * )vn o & „ 

Gfcl.okbp) iWIBSnjtOT, ^2^^tA^P-->^pT 
^ 0 GenB«nk©fiWi*^fe-* L(BW #^B), * 



ExTaq DNA fly*?-* Sffi^TPCRfiTfl TtttoWB* 
A7mh 7 >X7x 7 »«fiTP^ (SB^J#^26) ©^12 kbp*V 
ADNA«H-*|ffl t t TiiU pRS435GAP, pRS445GAP © * 

Primer 1 (SacII-ERGlO) : 5'-TCC COG OG Q ATG TCT CAG AAC GTT 
TAC ATT GT-3' (E8f#-Jf 52) 

Primer 2 (Xbal-ERGIO): 5'-TGC TCT AGA TCA TAT CTT TTC AAT GA 
C AAT GGA-3' (BB#l#-i§ 53) 
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PGR * Perfect Match *U«^?X>a>*^ Tt ^ 45 # ^ 

^*lpRS435GAP-ERGlO, P RS445GAP-ERG10 £ bfc. 
(4) HMG-CoA *&ff«jt&?4> <? □ - ~ > if 

5 '" AT0 ^ CTC TCA ACT ^ «* ™ «■ 

,(ix;:r Gs - i5): 5 - gtt cag caa gat — «» °- 

nuc T228C . T1 o38c. cum. amtogo, 

;;tr EX5_ffl3 s T223c i ais7og - * 

^Lfc^X^ K*pT7HMGS£Lfc. 



■5 



(5) HMG-CoAS5u^ii^^o^ 0 _-. > ^ 
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m *mmJZ ' L * pcr iff oft. 

*M^V- : 5'-ATG CCG CCG CTA TTC AAG GGA CT- 3 . <*» 

*mm^- : 5 , TTA gga rrr aat gca ogt gac oo* ** 

PCR tt, Perfect Matci ^ ? _^ X>/N> ^._ 

SO »-ff.n4r oft. J1^*£l-T^i 

B^artMttSWOT, ^ « TA * n- x >^ pT7 
Blue T^i'^-fc^n-- v «, JBb«;pT7 

MWl* . GenBank *, ttttB i" 

T^xmm HMG-CoA ArcS**^* fflfff/itj, 

(6) HMG-CoA aSBSgae?© PCR X5-C5^iE 

»#^«J^^(site-directed mutagenesis)?* P™ 

, mutagenesis; ra, Promega 3&fr ©"Protocols a 
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59) 



HMG1(190-216) 5 '-C CAAATAAAGACTCCAACACTCTATTT- 3 ' 0E*H 

HMG1(1807-1833) 5'-GAATTAGAAGCATTATTAAGTAGTGGA-3' (SB*J#^ 
>) 

HMGl(2713-2739) 5 '-GGATTTAACGCACATGCAGCTAATTTA-3 ' (@B3«^ 
60) 

tftt*AttXA«Att. pTTHMGl*^ A P »LI, A*T»*U 3 2kbp 
O HMG1 lfrt7«D^y mWTWlftt p ALTER- 1 CD Sma 

pALHMGl **«t,fc. pALHMGl £7;P*U*te* ± 
I3*A*A*U:f, 'JWWiLTA»p repair oligo(Pro m e g a), 
•>ht'J^Lt Tet knockout oligo(Promega)^Tn>- U >^$^ co7i 
ESl301(Promega){C#A^ 126* g/ml T>tf~>U >T«tt#»W«**t*x$ 

n***** K*»r«*«ai**aw«u k dna e»«i 

MG1(190-216), HMG1(1807-1833), HMGl(2718.2789)R:ffiar*E5Itt^ 
5E*nfcB3P|fcJ:0 3 -|***i*r5yWBW (Bm« 12) /or*,!^ 
HMGK558-532) 5--GTCTGCTTGGGTTACATTTTCTGAAAA-3' (SB^J#^ 6 



HMG1(1573-1599) 5'-CATACCAGTTATACTGCAGACCAATTG-3' (SB^.j#^ 
62) & J 

HMGl(2458-2484) 5'-GAATACTCATTAAAGCAAATGGTAGAA-3' (K?rj#^ 
63) 

-OiWirt^iESnjt^^ H*pALHMG106 iLfc ( B 9). 

(7) ^AQ>i+t- tfitfe^D>>Q--->^ 

wwrirfw MD>|^ lfif JSRGJM 1.8 kbpl^(IB 
*»*28> td)NAft»afclT«*ljt, PCB^-fT-ttaTCBOT* 

-So 
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Primer 1 (ATM-1):5'-AA£ TOO AGA TGT CAT TAC CGT TCT TAA CT 
T C-3' (IBM## 64) 

Primer 2 (ATM-2):5'-CCG AGO TCT TAT GAA GTC CAT GGT AAA TT 
C G-3' (1B3«-Sf 65) 

vcRmw*Pstitsaci-e®w&, 7%u-x7)immfoM^mm^. p t7bi 

ue <D Pstl-Sacl ffi&fc* D-~ >^L&. £*IT, ERG12 tt pT7Blue CD lacZ 

F DNA £ pT7ERG12 tlfe. 

(8) >Ao>iij>ii+t- t£mm¥<D*n--y# 

PCR £ cerevisiae ERG8Mfc^m 1.3 kbp gff/f (@B^J## 29) § C DN 
A $iltl VTmmhfco PCR ^< ^-tt^TOil 0 T&3 0 

Primer 1 (YSCE-1):5'-AAC TGC AGA TGT CAT TAC CGT TCT TAA C 

tt c-3- (mmmn 66) 

Primer 2 (YSCE -2):5'-CCG AGC TCT TAT GAA GTC CAT GGT AAA T 
TC G-3' (BB#I## 67) 

pcr ®K&y#n-xtf)i,n$«,txmi?mn%t. P T7Biue-T t/a ^-r y-s, 

a>fc.fcD*n-->^l,fc. p T7Blue 0 lacZ t Kttm * # A £ *l 

TV»fc (H8). ^n-n>^bfcKW-©*Mj!is t ft fe f f v» SGD (Dmmhlt 
HsiVfztCZ, A70C, A72G> G146A, C171G, G224C, A306G, T387C, G5 
74T, C637G, G638C, G729A, G739A, T759A, A879G, A1222G <D PCR X 

Cine PCRX?-©^ A70C £ A72G ttX5 /gt©x 
7-0T24P£S£U Gl46AttG49E, G224C tt S75T, G574TttA192S, C 
637G t G638C tt R213A, G739A tt D247N, A1222G tt T408A 5 J M 

^1^575 H DNA £ pT7ERG8 tlfc. 
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(9) *An>M-v>mjsimMBmmB : ?-(D*n-->tf 

PCR fcfcT S. cerevisiae * A' D U >MBmMWM^Bi^ EEG19{MVD1) 

m 1.2 kbp $rJt(IB?!J#-*§- 30)£ cDNA **S!lC*IMBUfc. PCR ^7^fV-^ 

Primer 1 (SCU-1):5'-A AC TGC AGA TGA CCG TTT ACA CAG CAT CC 
G T-3' (@H^J#-^ 68) 

Primer 2 (SCU-2):5'-CG G A AT TCT TAT TCC TTT GGT AGA CCA GT 
C T-3« flE81#^ 69) 
(T*«#«IWlS#*«lk»tt) 

PCR HrJt£ i^I t -EtoRI T^Wf»T^n-^y;i/*^ac»7?fll«U, pT7Bl 
ue <D Pstl-EcdBl fc^n — - >£fbfc. ^tlTT, ERG19{MVDI) « pT7Blue 

©&cff££#fi*fc#A;£n*2:£K:&« (08). *n-z:>^u&0fJt©l6[ 

f^fi5cbfc7°^X^ F DNA £ pT7ERG19 tLfc. 

(10) -f v^v^zl^- g>KA^v^7- tfae^o^p-nv^ 

(10-1) A cerevisiae * IPP A --f V * 9 — if it ZP/i 
PCR cerevisiae IDI1 0.9 kbp ©r>t(@E?U## 31)* cDNA * 

fitfMfcJfiMBUfc. PCR/^^T-H Primer 1 (SCIPP-l)RCX Primer 2 (SCI 
PP -2)£/§V>fco 

Primer 1 (SCIPP-1) : 5'-ATG ACT GCC GAC AAC AAT AGT AT-3' (SB^J 
70) 

Primer 2 (SCIPP-2) : 5'-TTA TAG CAT TCT ATG AAT TTG CC-3' (SB^U 
71) 

PCR Writ S 7 # n-X y ;P«&$|c!&T*lf 84« pT7Blue-T aT/A^ ~> a 
y\ZX X) 9 U-->>fVK.o IDI1 tepT7Blue-T F*J© IacZhfcttfa%\zmA2ft 

x^tc (08). ? u——>?htcWrrYo)i&&mm&fe&ft^ sgd ®mmtit$& 

^Ufc7°7X5 H DNA£pT7IDIl fcbfc. 
(10-2) # ca//fi3fc©IPPA--r V* 7— if 51 idi 
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E. coli<D ORF182(IPPA--< V^^-if^l^^^U^y^F^n-HT^i^ 
S$tl5t-^>'J-T^ >t?yi—&;m&T£ idi) &^WJ2± DNA 
n— n>^$tlTVi^7 P 7X^ H p3-47-13(Hemmi ai. (1998) J. Biochem. 
123, 1088-1096)§^M^bT, PCR 0.55 kbp <D ORF182 mfr&mm V 

fco PCR«U Perfect Match )3\U^7 — if X >/\ >it— ^#TT 95*C 45 #\ 6 
Ot: l£\ 72"C 30lJ--r 57;Vffofeo PCR ^^-T^ — «^T©®Dtr$>^ 0 

Primer 1 (SacII-ORFl82(l-23)):5 , -TCC CCG CGG A TG CAA ACG GAA 
CAC GTC ATT TT-3' (@eM#-*§ 72) 

Primer 2 (XbaI-ORFl82(549-525)) :5'-TGC TCT AGA TTA TTT AAG CT 
G GGT AAA TGC AGA- 3' (@B^J#^ 73) 
(T^^^«MPI^^M^^) 

Wr l< £ZZm 10 \Zyjk Vrz<k O ft EcoGene (http://bmb.med.miami.edu/EcoGe 
ne/EcoWeb/) http://bmb.med.miami.edu/EcoGene/EcoWeb/)CD ORF182 %Y\{id 

wmMMm'T-z (ih?u#-^32) izmhtzmmmmtm^ntdo f^t, mm 

bfc 0.55 kbp <D PCR m)n& Sacll £ Xbal T®m'&, T 13 U-7.*f )Vm%%.Wi 
Ttil, pRS435GAP, pRS445GAP (D Sacll-Xbal ffi&^P Vfro 
H «^tl^n pRS435GAP-ORF182, pRS445GAP-ORF182 <h 

±mmwpA-^v^9-^m^ m&m^32) ^ttf©^^«oRFi8 

2 (NCBI BLAST ^—^\Z <fc 3 ; GenBank 7^tyv3 >#-5f AE000372) t 
UT^fcrt^ Hahn a7. (1999) J. Bacteriol., 181, 4499-4504 \Z £ D idi t^, 
#tt£>tlTV>£ 0 idi*?U — -y^fhfc^y^^ Film Hemmi a/ (1 
998) J. Biochem., 123, 1088-1096 IB^<D p3-47-ll <h p3-47-13 %m V*fc 0 

chm>j 3D mmmmfc*<D& u-->t? 

(1) Escherichia coli FPP ^tit^itfE^© GGPP ^ili^f^CD 

^MM2(l-2)T#e>tlfe pALispA4^ pALispA8, pALispA15^ pALispA16^ 
pALispAl8 ^M^X> Promega ^Iff CD "Protocols and applications guide, t 

45 



WO 02/053746 PCT/JPOl/11214 
hird edition, 1996 Promega, ISBN 1-882274-57-1" £ BMoya b Zl )V\Z%£ 
oT, E. coli ispA H3-F$n§^U^^F0 79 Sl©7$yiil Tyr 

ISPA-D: 5'-ATC ATG AAT TAA TGA QTQ AGO GTG G AT GCA T Tr. A 
AC GGC GGC AGC-3* (BSM#^ 74) 

ISPA-E: 5--ATC ATG AAT TAA TGA TTQ AGO GTG GAT GCA TTH AA 
C GGC GGC AGC-3' (@B3?IJ## 75) 

ISPA-M:5'-ATC ATG AAT TAA TGA GAT. AGC GTG G AT GCA TT H AAC 
GGC GGC AGC-3' (@2M#-5§ 76) 

±fB§£M*U:?ISPA-]V[«, Sl6#g~^l8#e©^ (3tS&T^^ 

h tzi&ft) tm&m fpp &&mm <o 7$/ mmmo 79#B®Tyr*n-HbT 

T, MtUrf ISPA-D, U ^ ISPA-B tt, Asp, Qlu*3-H 

?-*«fc5K:S!fff-bfcfc0T2&£o ±E«H*U=ffc:*ViT, fH26#@~fg3l# 

* I'*** 1 f*«— • fe? (Promega) (Ccfct) 5***U>»fcU Nick Culumn (Ph 
armacia Biotech, Uppsala, Sweden) ^T^HtjiUM 
AOBRfcttU ^T^U rf«h IT Cm repair oligo (Promega)£, J V ^Yt? b^t 
U rf<h IT Tet knockout oligo (Promega) £JB Vifc 0 T^^7 U pALi 
spAl6 \Z Cm repair oligo, Tet knockout oligo, XHt'J^7--;^f jr. 
co/i ES1301 inii^(Promega)^»^Lfc 0 20 /zg/ml <D Cm (^D7A7 

# JMlOQ^ffigML^O jUg/ml Cmm^V— h±T4f Ltf fenD"- 
^6^X5HDNAfti«l/&. pALispA4£t|Mk:U ISPA-D, ISPA-E, I 
SPA-M ftM^UzffcffiV^T^abfcBJftMffli^cin* %*lm 

^tl^n P 4D, P 4E, p4MttL nm\Z, P ALispA8££t 
MlZLTftmVft??** K**n^n P 8D, P SE, p 8M tU pALispAlS * 
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*3!fcLTf|s«Lfc:/7*S K^^-n^n P 15D, P 15E, P 15M£U pALispA 
16*»SKlUT^filbfc^^$ F£-£*Hfn pl6D, pl6E> pl6M£U pAL 
is P A18 ^iI(aTMbfc^7^5 F£-€-n-6n P 18D> P 18E> pl8M ibfc 
Y79D ^MMT^ymia^I (E8l#*f 34) £n- *3te^*E?!I#-# 33 

5 Y79M ^SS7$ / HtlB^y (@B^1#-^ 38) *3— *EJtt#-lt 
37 fC^To ^©ck^^bTff&nfe^^^^ Ftt, Mj®iRbT&/!!bfc 0 

(2) Bacillus stearothermophilus.YVY 1kf$LWMT&fc : ?-<D^M!2l(D& P — 

B. stearothermophilus &3&<D FPP -^JEfcH^itte^fps : lB?!i#-5§ 39)©g^ 
aSJI^^ty^a^^^ — tt, Ohnuma e£ ai. (1996) J. Biol. Chem., 271, 30 
748-30754 8B*fc© pFPS(Y81M)^ &f^S bfc„ 

pFPS«> pTVH8N(SSB )<D lac-Ju^z — p-ymz. fps tN&frTLtitlT& 
0 * B. stearothermophilus FPP &J$WMlS.fc^ : $: IPTG 0 &colifa°X? 

s#Afa d Y8iM^s, fpp ^Matfe^icj:?) K$n§7 

5/&ffi3&J©3 5&81#B0Tyr#lMet 3 tllt-5^i$Ibfe(p 

FPS(Y81M)i-T^))o P FPS(Y81M)«> Y81M «&SgS3IAfc: «fc B 3- H LT^ 
S»*©S>Sm'ft#Stt*«Sft:L,jt«#CD{gT FPP ^BJlJie^ G 

gpp ^ssdate^fcafeaEsnfcfe^T^s. p fps(Y8im)& pshbi t? 

»»U Klenow»*TV?&*«llfcbfea, 2.7kbp $r 0 U 

PACYC177 © Amp'it&^ft© iZMI g&#&C#Ab£:„ Amp'jtfc^ t H D|rJ# 

fpsmmmmfc^mfrfimxzntc^^xsi F* P FPS2im ^©jgrsjig- 

l:#A$nfc^7X5 K£pFPS31m £bfc (0 11). 

(3) ^^^HMG-CoA^7cPafi^(^^P-z:>^ 
tlltB^M^n^-^-APjyip £^iy^^-pRS414PTadh, P RS414TPa 
dh £MBP*TMSbT HMG1 £#AU ^^X^ H pRS414PTadh-HMGl 
MpRS414TPadh-HMGl ^llfe, 
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mmm 2(5) TMbfc pT7-HMGl £ BamUI, SaA, Seal lilt PCR X 
5-mm&1rrZ HMGrtitGfr&WD mis. pYES2(Invitrogen, Carlsb 

ad, CA)CD BamBI-Xhol^mzmXVr^o %^tltz.mMX^^ ^ — ti pYES-HM 

&Z>Zt&mmhtz. 0 pYES2te, *ftBjft£LTS#2 /imDNA©ori, 

mstf'yz h->\T?mm^ffiteGALi7u^-?-%b-om&*%$imisv f;i^ 

^-T&3 (0 4). 
HMG-CoA ©fll»il F * -f > tC^J&t* -5 $ # jl $ -frfc HM 

g-coa Mjt&mmttmm'v? tz&, mm&m DMbfc p yes 

-HMGl SttltbT, PCR &T^^-g&#£<hfe^ HMGl 3-F^&CD— 
^#£*£3#fc»rfi-£»i«Lfc. f#5n&0rJt£ Klenow iit^MCl 
fcBL ~kJ]s7 7^ ^-y3>i:J:DB^ML> .E co/i JM109 

F DNA £fi®fL£o DNA EBl£*-CD 

#5tlfc^5 F DNA ft CD HMGlkMs T^OT 5. S M<DWt&Wffi~f ! tlT 

^■fc^ztt. ^©fg^-gp&jgja^ pcr x7-fc<t§7^;t ti^gt TVi 

&Vi;i<L£ 373A DNA sequencer (Perkin Elmer, Foster City, CA) 

**t*n-rK3tt^*^-r**©T#fc«T®y7^5 f&#&. x^mhmgi 

tam b , A 02y Sr-g-tf pYES2 ^ * ^ - fcf P YHMG026 tnET Z. t fT Z> 

HMGl A 026 : @H^J#-^ 13 
HMGl A 044 : IB^I#^ 14 
iZMGi A 056 : 1B^J#-^ 15 
.fflkfGi A 062 : IB^J#-^ 16 
HMGl A 076 : SB^J## 17 
HMGl A081 : @B^J#^ 18 
HMGl A 100 : SB^J#^ 19 
HMGl A 112 : i2^J#-^ 20 
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HMG1 A 122 : S3?iJ#^t 21 
HMG1 A 133 : SB^!I#-^ 22 

^7X5 H :pYHMG026, pYHMG027, pYHMG044, pYHMG045, pYHMGO 
59, pYHMG062, pYHMG063, pYHMG065, pYHMG076, pYHMG081, pYHM 
G083, pYHMG085, pYHMG094, pYHMGlOO, pYHMG106, pYHMG107, pY 
HMG108, pYHMG109, P YHMG112, pYHMG122, pYHMG123, pYHMG125, 
pYHMG133, pYHMG134 

^mmmhfcm.nmmmm^7U ; E>-*-%b-0 E. coli- S. cerevisiae YEp 

(i) fpp ^iiifefoity^ u--y<? 

(1-1) S. cereviae &%:<D FPP -g-JfcS**^ ERG20 : 

Hl^ 2(1-1) fcfEfc© P T7ERG20 £ JK&al £ ^aznHI TSJBrU T^n-X^ 
;W*M^<Sj(C«±:D 1.1 kbp<£> ERG20'&&F$-MY\^W^Tz.* Ztl&. pRS435G 
AP <h P RS445GAP <D Xbal-BamHI BM£fc#AU ^n^tl pRS435GAP-ERG2 
0, pRS445GAP-ERG20 £Lfco 

(1-2) rattf E&5fctf> FPP ^H^iUS^ zsp4 : 

mMM 2(1-2) £12^© pALispA4 * Spbl £ EcoBI T^J^f U 7# D — X ^ 
«m^c»lfC«tO 1.0 kbp <D ispAl&fcTWift&mmvrZo £<D$rJtK: Sphl-Sacll 
U DNA (5'-pTTT CCG CGG AAA CAT G-3' (IB^J#-^ 86) ) £. EcdRl- 

Eco52l U >#-DNA (5'-pAAT TGA CGG CCG TC -3' (BB#J#-*t 87) )£^-f 
>hTc<Dt> Sadl £ #£0521 TiSUfUrbfco ^11-^521 l.Okbp $r 
Jt<^ pRS435GAP £ pRS445GAP <D Sadl-Eco52I MCfALit^^ n — > 
-fbbfeo it^^P-Mbbfe^^X^ Htt, SacL SadL JVcfeL JVszI (EcJT22 
l)s AoiZlEI, Xbal, Smal, BamHI, Psft, Ndel, Pvull, EcdTl4I <D^UU 

rz 7 7 7, ^ F ^ttl^n P RS435GAP-ispA^ P RS445GAP-ispA £ V fc „ 
(1-3) B. stearothermophilus&lkCDF-pP&f&WMl&fcT 
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B. stearothermophilus &5&<D FPP &J&W : Ml&fc : l L \$, 5 s J A PCR WfM*^ £ 
®^^«-^p-->^bfc„ 



(2) ggpp ^mmmmfcttiztommmmfcTw?? 

(2-1) 5: cereviae &#:<D GGPP : 

2(2) tem <0 pT7Blue T ^ 2 ^ - § ^xnHL Sail b T .BZS'i $rjt 
£^DfcBU £*1 £ > pYES2(Invitrogen &) © BamHI, Xhol KM:iAlfc. 
ft e>nfe^X.^^^ — £pYESGGPS tbfe, 
pYESGGPS $ .BamHI £ Mlul T^^f 7^P-7yjVSMl(:J; D 1.3 
kbp #rJt£*f $£bfc 0 pRS435GAP t. pRS445GAP <D BamBI-MIuI SB 

mzWAV, -^n j ?*lpRS435GAP-BTSl, pRS445GAP-BTSl t bfc„ 

(2-2)E. coli GGPP £-/&Hifijtfc^(fim^M§5! FPP tetimm^ifc^is 

pAm : 

^Mffl 3(l)KliE<fe<£> pl6M £ SpM <h ^oRI T-^SfrU T^n— x^;i/«^;^c 
1.0 kbp <D ispAm jtfe^ifH-^WMb^o ^(DWi)i\Z^immm(l-2)iZ 
mm® Sphl-Sacll U DNA t EcdRI-Eco52I U >#-DNA $7^^-^ 

a >b SacII £ ^©521 7?®m bfc= ^acII-£fco52I l.Okbp B^rfr*, p 
RS435GAP £ pRS445GAP (D Sacll-Eco52I C#AL^^ n - >fc b fc 0 
tj-y^P — ^-ftlbfey^X^ Kfct, Sad, Sacll. Ndel, Nsil (EcJT221), Aor5 
1HL JSM, &nal, .BainHI. Pstl. Pvidl. EcoT14I <D&$mWm<DmmffitiL& 
tf>^bfHSjlO \Zfcm-C%t£h<D*MiklstCo Z\(Dot> Nsil (EcJT22I) 

mmmm^ ispA^mm^mhrcm\zmrdzmxvr^&:x^v > ^m^nri? 

\t, ^tn^tl pRS435GAP-ispAm, P RS445GAP-ispAm <h b fc„ 

(3) y-b^uti^ a T-t3 L fr&&Bmmm*<Dy-7& 

r^jvnmm a 7±^)vm&wmmfc? ergio y y a pcr frfr^ e» 

fiM P RS l??—^? p-->£fbfco 
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(4) HMG-CoA &f$Mm^fc=f-<Dyzf£ n-->? 

MMM 2(4)tCfBft<£> pT7HMGS b BamHI-SaR 1.5 kbp CO EMGSl&fe^WT 
lt^iit> pRS435GAP> pRS445GAP CO BamHI-SaR gB^kljf Alfc„ 

mmQizftm-czfzhvzMikLtzo mikvrc??*^ ^n^n. p rs43 

5GAP-HMGS, pRS445GAP-HMGS <hlfco 

(5) hmg-coa m7tmmmfc*x.itt<Dm^mmm?<Dy-7# u--> 

%W\ 2(5){C|B^© pT7Blue T ^ ^ $> - £ BamBI, SaR, Seal MM V X PC 
R X^-{ci:3^SS! HMG-CoA MTtSiii £ 3 - Fl-^jt^ HMGl'&mQW, 
b, pYES2(Invitrogen 1±)© .Ba/nHI-JM 1M hClAlfc. #6>nfc 

ia^^^-£pYES-HMGl tit 

fl^^^yn^E-^-AD^ip £^t?^^-pRS414PTadb, pRS414TPad 
h Zmmmm Smal t SaR till, 51^§#AbTy^X^ 
H pRS414PTadh-HMGl ~BO$ pRS414TPadh-HMGl 

2(6){;if3*c© pALHMG106 (H9) S Smal t SaR Ti2J$r^ 

till/t £tl£ pRS434GAP, pRS444GAP> pRS434TEF> pRS444TEF, pR 
S434PGK^rXpRS444PGK CO Smal-SaR W>®L^m\l,fc 0 HMGl 2 U — 

XtVr^yT,^ FfciU Xhol. Spel, Nael SphI (D^mMM*? v b° > ^ 

#A^n^ 3.2 kbp i^M^i mfc^mft-cotf-jf-mmcoMmmmmmtiz 

t^^7X5 Fte-^n-^tl. pRS434GAP-HMGl, pRS444GAP-HMGl* pRS43 
4TE-HMG1, pRS444TEF-HMGl, pRS434PGK-HMGl, pRS444PGK-HMGl 

HMG-coAiiTc^jt^o^^^MM*^^, mmm 3 ismo^-r^ P 

YES2 tefeCOX^mm HMGl ^fito^§^7X5 H ^ £ _hf3 £ L 
T pRS434GAP ^ n-~ >tfLTZo 
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(6) ^APV^t- \£mB^(DV-y^u-->^ 

2(7)\Z.mWi<D pT7ERG12 ^e> Smal-SaR 1.3 kbp <D ERG12 lAfcTWr 
M- £ mU V , pRS435GAP, pRS445GAP <D Smal-SaR W>#L \Z m A b fc 0 ERG1 

IcMT'tfcfeOmbfc. jg&bfc:/^X^ Fte, ^n^tl, pRS435GAP- 
ERG12, pRS445GAP-ERG12 ilfc, 

(7) ^P>g'J>l+t- i£mfc*<Dy-72n--># 

2(8)fcf2«c<D pT7ERG8 BamHI-SaR 1.3 kbp <D £K6tf jtfe^®r 
ft-ZmUV, pRS435GAE\ pRS445G AP (D Smam-SaJl^mzW XV Tco ERG 

jcf^»T€rfct>©ssstbfc. itifc^^HH ^n^ru p rs435gap- 

ERG8% pRS445GAP-ERG8 t bfeo 

(8) *An>m~ u >mf&tm&Bmmfe=F<D+)-y?n-=># 

|«M2(9)fcfBffc(£>pT7ERG19 & BamHI, SaR "TTEJBf^ 7^n-7^H 
^C*»fc«kt) .ffaznHI-SaTI 1.5 kbp © ERGWUk^Wih^WU^. pRS435GA 
P £. pRS445GAP <D BamEl-SaJL SfitiXlf:. ERG19 2 n— >fc b 

F£j§febfco jH£bfc:/^X5 ^tl^n pRS435GAP-ERG19, pRS445 

GAP-ERG19 at 

(9) ^V^>t-^ZIJ >MA-*( V*^— \t'Mfc=F<D-VrZ?ZU--># 
(9-1) £ cerevisiae IPP A--f V ;* ^—fcfjtfc? /Z?/l : 

2(10-1) fcfBfc© pT7IDIl BamHI-SaR 0.9 kbp $rJf p 

RS435GAP, pRS445GAP © ^a/nHI-£ai[ gftl:#AW:, it^^ O- >^b Lfe 

fc<0*£8tbfc. ISb&^XSFtt^n, pRS435GAP-IDIl, pRS445 
GAP- IDI1 tit 

(9-2) E. coli&^O IPP A --i V ^ ^— i?3tfe^ ORF182(«fc) : 
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mmm 2(10-2) \z mm 5iclt, 0RFi82(i</i)«^v a pcr m s mm P 

RS ^^-^n-x>^Lfc 0 



C^i6fe^l5D AURGG101> AURGG102 JkT$ AURGG703 (DWWk 

mmm 4(2-i)ictB«c© p yesggps zmmiz ut\ y^-r ^-pyes2q-27)£ 

PYES2(861-835) £ ffl V> T PCR fC £ GALl -fU=E~^ —=BTSl= CYCl 9 
-^^-^ — (D-AmMiGALlp-BTSl-CYClD^W-D 1.9kbp <Z> Sail ©fJtSIM 

PYES2(l-27):5'-GGC CGC AAA TTA AAG CCT TCG AGC GTC-3' (1B^!1# 
■^•88) 

PYES2(861-835): 5'-ACG GAT TAG AAG CCG CCG AGC GGG TGA-3' 
(iB^J#-^ 89) 

£ CDHrJt^ pAUR101(Takara)<£> SaR pft^JfAb, pAURGGll5 £#7c 0 p 
AURGG115 F*3 <D BTS1 Mfc^lZ PCR X ^ — ^ <fc DNA ^ X > > 

PAURGG115 £ #co065I T^^-ffcU, ii'Jf^A^T A451 YPH499 
MAI, lMg/ml ^--l/^A->^>^^-tr YPD m^U- b (1%@|«X^ 
X, 2% ^!/h>, 2% T^hD— X, 2% m^) ±T: 30rT?^WbT< 

^<Dm$k. A451 &ffi3i£lsrz.m.mXfch hX AURGGlOl AURGG102 
OD 2 ^n->j&q#e»nfe 0 YPH499 ^^^iiLfelim^^^UT AUR 

GG703 ^*#6nfeo AURGGlOl m?£<£>+Mf >^U y b /\< ^ U ^-f 

if— ->a> (0 12) <hPCR^ytf>^ (013) £>*M;i&o J: 5 iZ, BTS 
1 itfe^te-f y"r^fV- b ^tlt* AURl ti^—ft-^BFfO) AURl-C\Z 
ftIbofcfeOTS§c^:»otl^. AURGG102 "e«±IH 

i y n - ^ ~=BTS1= CYCl & — S.*-?—f)i AURl Mfc^miZ^ >^t/U — 
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tnmm 6) & eug mvwm 

sgd z?7u>&j$.&mmte? jEBGdimomfe^mmzmzmL, 

ERG9%m~Ju*z-$- (JSRGSp) it&ft DN A Wi K mm <Dfr®<D PCR T^-f *7 
-DNA £lS!fhL*: 0 tfe^^D^E-^- 
G4Z2p £^tf 1.8 kbp <D DNA ^fit«, pYES2 £ JVael £ Attel ^JEHr^ Kleno 

YES2 A *mm\Z IT PCR iiffif 3 ciC^DIIUfc. 

E-MCSf : 5'- GCC GTT GAG AGA GGG_JT£C GAG CTC GGT ACC AAG 
-3' (@B#I#-J§- 90) 

E-URA3r : 5'- CAT ACT GAG CCA TTG_JEC_A ATG GGT AAT AAC TGA 
T -3' (IB^J#-^ 91) 

±m77-C?-iZlZ, YHR189W©T»#£^tf 0.7 kbpDNA PHfJt<h ERG 
9<D±mffift&^tS 0.9 kbp DNAUftf-iTT/A ^-fy-i /a >tt-5 J;^ t ^ 
amll05im^U& (Tmffift) £jjn;LTa5£o YHRl89W®rtf-ta, PCRT^-fT 
-YHRl89Wf t YHRl89Wr *m 1>T YPH499 $V A DNA PCR {C<£ 

ERG9Wimt. PCR T— ERG9f <h ERG9r £/B V>T YPH499 

A DNA Sr^(C PCR fC<fc DBWigbfc. YPH499 ^"V A DNA «, r G en £ 

YHR189Wf : 5'-TGT CCG GTA AAT GGA GAC-3'(E5U## 92) 
YHR189Wr : 5'-TGT TCT CGC TGC TCG TTT-3'(BB^J#-^ 93) 
ERG9f : 5*-ATG GGA AAG CTA TTA CAA T-3'(@B?U#-5f 94) 
ERG9r : 5--CAA GGT TGC AAT GGC CAT-3'(IEM#-*§- 95) 
1.8 kbp DNA mfr '& £^11051 TiM, 0.7 kbpDNA M Jf t ? -f 5> a 
>U Jin^^MfC Uty 7 -f V-YHR189Wf £ E-MCSf £/B^T 2nd PCR £ 
ff ofeo J&«bfc 2.5 kbp DNA ©fitS EamllOBl tijbt, 0.9 kbp DNA $r 
M-<h^< >a >b, £n££»£LT:/^^-YHR189W-3f <h ERG9-2r 
£/BV>T3rd PCR*frt>fc. *i*6L&3.4 kbp DNA mfr&BMfeMm DNA Br 

YHR189W-3f : 5'-CAA TGT AGG GCT ATA TAT G-3'(@2?U#-*f 96) 
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ERG9-2r : 5'-AAC TTG GGG AAT GGC ACA-3 , (i2^J#^ 97) 

Zymo Research (Orange, CA) ck K) $f A h fc Frozen EZ yeast transformat 

ion ii kitzm^xmrniz^z ^-omx^-Dt^ mm^mz. sGRmm^^ 

—X\ZV, CSM(-URA) (BIO 101 (Vista, CA) <k X) M A) 40 mg/1 \Z 

iz*&5\zT7->mmM* j mxfrm3imi& (sgr(-ura)^) ±t 3owm 

m%Vfc.ffi.m%-m*, EUG (ERG9p::URA3-GALlv) mtZm?, A451 
□ — EUG1~10, YPH499 &3fe<£>^n — EUG11~20* YPH500 & 
3fe<£>^ □ — EUG21~30> W303-1A E&3fe<E>^P — EUG31~50^ W303- 
1B EUG51-70 

U — y&MifcV; A451 ^ EUG5 EUG8 YPH499 jft £ E 
UG12 YPH500 ft 6 EUG27 £ Wto 

EUG5, EUG8s EUG12, EUG27^6 rGene<h£<A,J £JB^Ty/ 
ADNA*W®U dft^^fcLTPCR ^ff-oTcU^ URA3 £ GALlp 

ts 1.8 kbp (DvcRmyxft^f y k^<d ERG9n-^mm±mz-i y^iru- n$ 
cn»j7] ae?**?. ffjRStt»«f 

-T ^7 p i/n;PT;m-;^^fc^ViT©HJSM8~i3 &#J8) ©fce^sssi^ 

>> +Mf >^Dy h/W^U^-fif-S'a >> PCR^y k°>2\ zf\s~)V7)Vn 
(l) itif^oyT-r >^ 

itDNAtS+yb ^Gen t%</ul %m ^XWm DNA ©Wfi^fro fro 

H^DfiMbfcDNAfct, Afofcl£«fctf SfczITgj»r& l l"— >*fc9 3 ;Ug 
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£ 0.8%7#D-X^;^m^Wlbfco ^ff?-*-^ Promegaft (Madiso 
n, WI) CD 1 kb :7 <h A IHindLlI ^t^ttl^tl 0.5 Mgfffllfc, &lfr^> 5t 
SCtoT7WJm t'fflU Hybond N :f-f D >;* (Amersham, 
Buckinghamshire, England) \Z 20 x SSC <£ § + ^ tf^ U — 7 n y hT^ 
¥bfe 0 ^ >y l/>& Stratagene %t<D UV cross-linker T optimal cr 

oss-Knk<££#TM^0l!8ltU DNA £ ;* >7 U>±izmfeVfr e 

(2) /— *f>^P-/x-f 

Current Protocols in Molecular Biology, John Wiley & Sons, Inc., pp.13. 
12.2-13.12.3 !2«©^^-^^bTRNA^iimLfeo ±fB&^te, MMV 
fcRNA t>\Z DNase 

7*M7JVTth^ft7^D-X^H^ll:j:0 RNA £#H£flK 
tf^t, Hybond N D>^>^l/>fc 20 x SSC £ £ b 8 ^ U — 

y h"e^bfc» 1 U—y&tcV) total RNA « 5 ng^W]VTzo ^ffT-jj 
DIG-RNA Marker I 20 ng Lfc„ fe^m, ;* >:/l/>te Stratagen 

e %L<D UV cross-linker T optimal cross-link (D&fcT^W-BMM U RNA * * 

(3) PCR7 7k'>^ 

^J£M5Tf^Sbfe Yip M^t7?~ P AURGG115 fc|il3fcT& 8>t>t-/^\ 

DNA 0.3-0.6 n g SrHMK: U V 3 3* £ I/rt^ F AUR-FWc <h AUR-RVc, 

&J:eKAUR-SALl b. AUR-SAL2 £<Z)#M^i*£:/^^--f;:/!iV>T PCR £fr 
tjfeo PCR«94"C 30 55t: 1 72t: 3 30 ^;Mt D 3gT&# 

AUR-FWc: 5'-TCT CGA AAA AGG GTT TGC CAT-3' (IB^IH^ 98) 
AUR-RVc: 5'-TCA CTA GGT GTA AAG AGG GCT-3' (@B^!I## 99) 
AUR-SAL1: 5*-TGT TGA AGC TTG CAT GCC TGC-3' (@B?!l#-5f 100) 
AUR-SAL2: 5'-TTG TAA AAC GAC GGC CAG TGA-3 1 (S3^J## 101) 
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(4) DIG 5W7n-7 DNAtfMtig 
/W^'J^t-ya >7n-*?\$ Probe L II, III Rtf V CD 4 i^fltfc 

7)o 

« 7 /W3fM$V-t£— ^a>ffly°p-^ 







mm 




^•YV— 2 


1 


ERG20 


PT7ERG20 


SCFPS1 


SCFPS2 


II 


BTS1 


PYES2-GGPS6 


BTS1 


BTS1 








(1-21) 


(1008-982) 


III 


HMG1 


P YHMG1 


HMG1 


HMG1 








(1267-1293) 


(2766-2740) 


V 


AUR1 


PAUR123 


AUR-RV 


AUR-FW 



2(1-1)-V i^mVTc P T7ERG20 %mM\Z LT SCFPS1 h SCFPS2 £^ 
^(^—\zm^. PCR DIG Probe Synthesis Kit (Roche Diagnostics, Mannhei 
m, Germany) \Z £ Y) DIG 7^^D- 7 DNA ^ilfe. ^®^^#«Roche 
Diagnostics *fc^#©^D h 3 ;i/}C^o7to PCR fc£ 94*C 30 58t: 1 #\ 7 

2t: 3 ftw^zji* ?)vm<oM?&ft-vft-Dfc e DiG^^^y 

U-y DNA te, K»^n-X^H^tlilJ:l9 ^^^^ai v Z bfe„ 
^Q-^ II: 

-g-j&rtU ^ l/^-^ H BTS1(1-21) R tfBTSl (1008-988)* >^-f V— 
pYESGGPS (l«M4(2-l)#fig) ^iSClT^D-^I £|WI$I£LTDIG 7^ 
;p^n-y DNA *#0b7c o 
BTS1(1-21): 5'-ATG GAG GCC AAG ATA GAT GAG-3' (@3^J#^- 102) 
BTSl(1008-988): 5'-TCA CAA TTC GGA TAA GTG GTC-3' (SB^J#^ 10 

3) 

yn — >^III: 

-g-^U^^l/^K HMGl(1267-1293)<h HMG 1(2 766-2 740) £ ^ -f V 

— tcu pyes-hmgi (mmm 3(3)pM) ^mmizvx^a-y 1 tmmzvx 

DIG ^^)Vyu — ^DNA ^SLfco 

HMG1(1267-1293): 5'-AAC TTT GGT GCA AAT TGG GTC AAT GAT- 3' 
(IB?!J#-*f 80) 
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HMGl(2766-2740): 5'-TCC TAA TGC CAA GAA AAC AGO TGT CAC-3' 
(@B^J#-t 104) 

r/n-y V: 

^/fct'J 3* ^ U*?- F AUR-FW t AUR-RV tk? V-fc L, pAUR123 
(SSifi) SrHSBcLT Probe I iftfcfc: LT DIG r^l/^ O-t/DNA £tf2§£ b 

fee 

AUR-FW: 5'-ATG GCA AAC OCT TTT TCG AGA-3' (gB#l#-S§ 105) 
AUR-RV: 5*-AGC CCT CTT TAC ACC TAG TGA-3' (BB#I«H§ 106) 

(5) A-<^Uy-rif-->3>i^p-^(D|feai 

V?>Zru*t h/W^U^-f if-^a 20 ng/ml CD^n-^MTDIG 

Easy Hyb (Roche) £M^T42 < C 24 P^fflfro fc. /-1f>^n»; hA-f :7U^ 
-f 100 ng/ml ©:/D-:/a^T DIG Easy Hyb £Jfllr>T 50^ 2 

4Nfrafrofc, -en-en, *e»#c«>A-f ^u^-r-i?— 5/3>traD»«*cDiG 

Easy Hybg^T24l#IHJ:/WW:/U^'f 5>3 >£froT&<5o A-f^U 
^<if-->3>^ 2x SSC, 0.1% SDS, 65*0, 10 #T 3 UK 0.2x SSC, 0.1% 
SDS, 661C, 15-20 ^2 HI, -en^nfls^Lfc. SfeiM*.* DIG Lu 

minescent Detection Kit (Roche) T DIG ^^^^ D — 7 Ik. X H 

(6) Msitac 

— <£>^A&* Current Protocols in Molecular Biology, John Wiley & Sons, 
Inc., pp.13.7.1-13.7.2 RlGttOSHtU ^£7 Sfctt, Frozen-EZ Yeast Tr 

ansformation II (Zymo Research, Orange, CA) £JB ^fc^&T^Abfc (# 
MStt^ry M^tt©KK»fc^ofe). fc*5, 1-2 tttt pYES-HMGl * A451 «cfc 
*Abftfe©?»D, 3-2*fctepYHMG044£ A451 CiAl/fefeCtSD, 13- 
2 flctt pYES-HMGl £ AURGG101 fCiAl/fefe©^^ 9 , 15-2 P YHMG044 
& AURGG101 \zmALfr%<D7?$>%> 0 
No.l : A451 
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No.2 GALlv-BTSl (Yip) : AURGG101 (A451,aurl::AUBl-Q 
No.3 GALlv-BTSl (Yip) : AURGG102 (A45l,aurl::BTSl-AURl-C) 
No.4 GALlv-HMGl (YEp) : 1-2 (pYES-HMGl/A451) 
No.5 GALlv-HMGl A (YEp) : 3-2 (pYHMG044/A451) 

No.6 GALlv-HMGl (YEp) & GALlv-BTSl (Yip) : 13-2 (p YES-HMG 1/A 
URGG101) 

No.7 GALl^-HMGl A (YEp) & GALlv-BTSl (Yip) : 15-2 (pYHMG044/A 
URGG101) 

No.8 GALlv-HMGl (YEp) & GALlv-BTSl (Yip) : 24-1 (p YES-HMG 1/A 
URGG102) 

No.9 GALlv-HMGl A (YEp) & GALlv-BTSl (Yip) : 27-2 (pYHMG045/A 
URGG102) 

No.lO GALlp-jHMCri A (YEp) & GALlv-BTSl (Yip) : 31-2 (pYHMG076/ 
AURGG102) 

No.l-NoAO 26 c CT*g*Lfc 1 ml 0ffiifrJt$fc££gifc&;fcT?ifeV^ 100 

ml ©ig^^iD;^ 300 ml ©H^7^X3|*J7? 26t:> 1 t) 120 HI© & 

«IIt^*lfe. igiiiite SD £5£tf SG (SB&m<Dtf)l>n-X*tf7t7 ) — X 

fctt uRA3^-ti— &&w\sT^%m.m%.m* SD-U 

(SD £ CSM(-URA)£in *.*!:*>©) XteSG-U (SG \Z CSM(-URA)^Jn^.fe fe 
©) J&fl&tCU AURGGt^«^-lx^-A*>'^>^ 1 // g/ml «k O \Z Jn^fco 

mfcMMfoOD 600 T°W\l£V, OD 600 #*3-4gKfcftofcBf,& (23-52 mm) Tig 

«*ih«>, **t*mpu ^Tfcfam^DNAnm. RNAm a^m^ra^ 
xtMsim M«7jc^M^bfc„ **»aia^ai*ffiViT 12,000 r. P .m. 

te,Bio-Rad Protein Assay (Bio-Rad, Hercules, CA)T BSA £fiS2p^ >/\°^ff 
£bT89Jtb;fc.&»*iftlO Mg£fflV>TIB©200 AtlJKJS*^^^, 37*0 
T 40 
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0.125 mM [ 14 C]IPP (185 GBq/mol) 

0.125 mM )V~ U >M(Sigma Chemical, St. Louis, MO) 

100 mM Tris-HCl (pH 7.0) 
10 mM NaF, 5 mM MgCl 2 

5 mM 2-^M^hx^y-;i/ 

0.05% Triton X-100 
0.005% BSA 



zy>^u-zy3>^^>^--^mmm'^mm^rc a mvwy^Mz, Koyam 

a BCDjjfe (Koyama T., Fujii, H. and Ogura, K. 1985. Meth. Enzymol. 11 
0: 153-155) fd^oTv^ "EMfe? *X 7 7 *~fc? TIB U >Mfiti&, *gJS^ 
n^h^77-f- h LKC18 (Whatman, Clifton, NJ), SUtft H a O/ac 

etone=l:19) Tlib, Bio Image Analyzer BAS2000 (Fuji Photo Film, To 
kyo, Japan) Tt-h7^t^7AS»iJMU, ffl*f$[l#EH££S!lJ£ 

(7) M<h#iS 

(7-1) +Mf h/W yu^-f if— PCRTy tr>^ 

itlf >^n-/ h/W^U^-f if-i^3 ><Dj^*>£^ 12 fc^-To AURi 
j&m<D PGR te&2>^y¥>Zf<Dlg%k%:m 13 iZ^ir* M 12 Rtf® 13 iZ&^T, 

&u—> i~ioiz, (6)\z^xmmvrcWi0^ (no.i~no.io) \ztn^nn 

N tt Ata?I S « Stal «-fb DNA <D U—>$:7F~$~ 0 DNA te^T 

U — >1, A451; l^-> 2, AURGG101; > 3, AURGG102; l/-> 4, 
pYES-HMGl/A451; 1/— > 5, pYHMG044/A451; I/— > 6, pYES-HMGl/ A 
URGG101; V—y 7, pYHMG044/AURGG101, l/-> 8, p YES-HMG 1/AURG 
G102; U—>9, P YHMG045/AURGG102; I/— > 10, pYHMG076/AURGG102 

ERG20 (FPP ^rtff**^) tt^rTCDflcTig— ERG20 3 &fc=f-®>n 

m<Dtf;&\z&4twfc\,*z:£i!fit>'fr'oit (m 12). 

.ffT^i (GGPP -gNfcS**^) t ^4ZZBi*yn — ^KlfflVifctJl^, AURG 
G102 ^ZTBi^iC tfrtfl #*-T >f^/l/-y3 >$nTt^c^', AURG 
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G101 A451 t^t> Sfcjfro fc„AURGGl01 \Z AUBl&fc^ffiftCDfr 

^pAURlOl &%:<D AURl-Cm&ttWm&m\stzfcttT\ GALlp-BTSl ©fit 

l/-V3>©|g^±D^^rarijt^<Z)SmS^tBb^tc:5, AURGG 
101 E&5fc©trm/\*>F#*lfcffiS*vr> AURGG102 ^ora>K^Msn 
& (013), 

0 12 cfe^t, hmgi zyn-yizLfct^izte, Ndeimmom^'^x^ F 

E&3fe©/t>F#*e>nfc (No.4-7). Stal l-2tfc (No.4) O^fC 

8.2 kbp (D^^X^ H**©;l>H (8.3 kbp ©^/A*3fe<DA*>F£SfcoT 
^•5) #*±D5«Tfc:©K:, 13-2 tfc (No.6), 15-2 44c (No.7) Tte^V A ^ © # 
MG1 # jfi <h S A b :/ 7 X 5 F ffl T«aift d t) A* > F > 7 h <S tl . 

1Mf>:/ny F/W^U^-fif— >a PCR 7y tf>^<Dj^m^S, ^0 
ttfflUfcflcCDJtfi^ffltt* 8 ©cfc^^St^SJlt^T^Sc AUR 



a 8 













i&ife2 


1 


A451 






SD 


SG 


2 


AURGG 101 






SD-AUR 


SG-AUR 


3 


AURGG102 


BTS1 




SD-AUR 


SG-AUR 


4 


1-2 




HMG1 


SD-U 


SG-U 


5 


3-2 




HMG1 A 044 


SD-U 


SG-U 


6 


13-2 




HMG1 


SD-U-AUR 


SG-U-AUR 


7 


15-2 




HMG1LM4 


SD-U-AUR 


SG-U-AUR 


8 


24-1 


BTS1 


HMGI 


SD-U-AUR 


SG-U-AUR 


9 


27-2 


BTS1 


//M?/A045 


SD-U-AUR 


SG-U-AUR 


10 


31-2 


BTS1 


HMGI LOIS 


SD-U-AUR 


SG-U-AUR 



(7-2) *?>7Uy F/W yu^-fif— ->3> 

^7 CD I, IL III> V^^fflbfeo 

El 14 {C&HT, > 1~10«B 12 -ttSD**Bnf 
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ERG20Oifc&nm\L SGigifeT GALlptfc^mm>*frtffct%\Z 13-2 (N 
0.6), 15-2 ft (No.7) TfiTt5illRl^5nfc. 

iTf3it)t> AURGG102 (No.3 ) T^^tf^nbT^fc, 

6!4XJp-^MG!iirjt^#X$nfe^ (No.4-7) T^^KliiiD bfc„ 
(7-3) yi^;i/-U>»£i£a*»tt 

7'j;vttzij>iSitbT^7-;mu>t (gpp) <t 14 c ^^bfc ipp 
gpp t[ i4 c]ipp &mnt bt^sn^^^-;i/zij >^^j^u >mfku, 

TLCmm<D'&&X-$y h<£>tkMm&%:M^fctZ%^ FPP ^J&Mf ?£<f£^]iK , 

GGPP &ffcBmmmztt^Tte%fr\zm^ HexPP (^^-y-y^-;^- t; 
>&) -&^*«'tt^£t}$n^ 0 Z:Z\T?. *~b7i?*tf?&friZ>KJfom%0(D 

mttmzmwv, m?>^?n&f£V(D}tft®i&nnvfr 0 ^©^m^® 15 iz 

^to ©15A«, ±A°^;i/^ FPP ^^*(FPS)«tt, TA°^;^GGPP^ 
#^(GGPS)«#^^o 015Bte, -hA^;i/^t HexPP ^^(HexPS)^*, 

TA°^;i/^PTase mf v~)v~ u >mi^iii§) Fc^©# 

M&J&Wmte&<D 5?><Dgr< ifi FPP ^SPIt^T^ D > SG i§ifefe:<fc<5 ^ft± 
P^^tlfc. $HC> 13-2tfc (N0.6) £l5-2*fc (No.7) T^WfcJf JD It ^fco 
£ft 1$ te. GPP $7'J ;H4Sff \Z b fc £ ^ <D GGPP 1^J&Sm?£'i$ S FPP 
HSmtt© 20000 HexPP &J$Bmm±<D 300 ^©-@^T^^>„ Hex 

PP ^£»lf SG mi&-T:4&T b feo 

(Mm® 8) DNA ©m^^O^AS^m^©^^ (^cci^/am*? 
cerevisiae fC«fc<5iSl3jg) 

#«MT*«, ^A'D>^jggM^*©]fi^^ £ cerevisiae mm^m 

62 



W ° 02/053746 PCT/JPOl/,12,4 

(1) iSOIKIg^ 

\st^*-\zKTDH3im^7u*~*- TDH3p (= GAFp) OTS(: ^ AD 

A451 

AURGG101 

YPH499 

AURGG703 

YPH500 

W303-1A 

W303-1B 

EUG5(A451 E&5fc) 

EUG8(A451 E&3fe) 

EUG12(YPH499 

EUG24(YPH500 

EUG27(YPH500 

15-2(pYHMG044/AURGGl01) (AURGG101 
(2) l£«©ig^ 

Dl^iTffm 25 /£lffl#*ft«2.6 ml©YMX«SG (SDO^a 
h-*fc«*iM.fct>©) JM&fcJn*, 26*C T4 Hfsl 130 r.p. 
m.©tt*MJB*-c**Lfc. fc«U SG **fclBA*t»fctt»#*^8** 
*T?3feil>U ^3-^^©»%a*^^«fc5fcLfc. fcfc, YPH499^^ 
^fc^^fcttftett, 40 tfg/mlfc**«fc5fcT7 ? ->*»«[ft«fj|6fcl IFA& . 
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600 

> 



(3) ^>*>tttfj 

***l.&. 2.5 ml®*^-,^*^* £ 6 ^ 5 ml 

?nt^>^^fl; S t»mtiit, ******* LT 1.0 ml/1 

(4) GC/MS 8?^ 

^>*>»m®#* HP6890/5973 GC/MS WA (Hewlett-Packard Wil 
mington, DE) *«»T#* R*. #rjH*^tt HP-5MS (0.25 

mm x 30 m. y J )VAB 0.25 m#tt«T©it)T**. * 

OUyhiiflg 25ot: 

[MS V->2I^j 

MS Quad 150^ 

MS Source 230*0 

^X^t>ii 35-200 

^>y;u#a 2 ul 

^'J^ft 1/20 
^'J^-if* AU^i* l.o ml/# 

2 # 

115t; 90 # 

70*C /^T250t$TMt, 2#»£& 
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mm o $ 

W-7 7i^V-jl/ (Sigma) 



(5) ft* 
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9 



jSfi^ StALfcDNA 


m± 




«6 i 
(°C) 


mm) 


GGOH^MS 
(mg/l) 


HMG1 

pRS434GAP-HMG 1 

PRS444GAP-HMG1 

PRS444TEF-HMG1 

pYES-HMG1 

pYES-HMGI 

pRS414TPadh-HMG1 


Sc A451 
Sc A451 
Sc A451 
Sc A451 
Sc AURGG101 
Sc YPH499 


YM 
YM 
YM 
SG 
SG 
YM* 


26 
26 
30 
26 
26 
26 


96 
96 
96 
48 
48 
96 


0.348 
0.128 
0.069 
0.100 
2.20 
0.136 


HMG1 A 

pYHMG044 
pYHMG056 
PYHMG062 
PYHMG076 
PYHMG081 
PYHMG112 
PYHMG122 
PYHMG044 
pYHMG044 
pYHMG044 

nYHMHOfi? 
p i nivi uuot. 

pYHMG076 
pYHMG081 


Sc A451 
Sc A451 
Sc A451 
Sc A451 
Sc A451 
Sc A451 
Sc A451 
Sc AURGG101 
Sc AURGG101 
Sc AURGG101 
Sc AIJRGG1 01 
Sc AURGG101 
ScAURGGIOI 


SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 


26 
26 
26 
26 
26 
26 
26 
26 
26 
30 
26 
26 
26 


48 
48 
48 
48 
48 
48 
48 
48 
96 
96 
48 
48 
48 


0.053 
0.070 
0.065 
0.050 
0.051 
0.064 
0.062 

2.20 
0.729 

7.95 
0.061 
0.062 
0.052 


HMG1+HMG1 A 

P YHMG044+pRS434GAP-HMG1 
pYHMG044+pRS444GAP-HMG1 


Sc AURGG101 
Sc AURGG101 


SG 
SG 


26 
26 


96 
96 


0.927 
0.739 


ERG20(YEp) 

PRS435GAP-ERG20 
PRS445GAP-ERG20 


Sc A451 
Sc A451 


YM 
YM 


26 
26 


96 
96 


0.067 
0.073 














P AURGG115(Eco065I digested) 
pAURGG115(Eco065I digested) 


Sc A451 (AURGG1 02) SG 
Sc YPH499(AURGG703:SG 


30 
26 


96 
96 


0.075 
0.093 


BTSKYEp^^— ) 

pRS445GAP-BTS 1 
PRS435GAP-BTS1 
P RS435GAP-BTS1 (=pRS435GG) 
pRS445GAP-BTS1 (=pRS445GG) 
pRS435GAP-BTS1(=pRS435GG) 
PRS445GAFHBTS1 (=pRS445GG) 


Sc A451 
Sc YPH499 
Sc W303-1A 
Sc W303-1A 
Sc W303-1B 
Sc W303-1B 


YM 
YM 
YM 
YM 
YM 
YM 


26 
26 
30 
30 
30 
30 


96 
96 
96 
96 
96 
96 


0.585 
0.204 
0.726 
0.189 
0.853 
0.254 


HMG1 A(YEp)+ERG20(YEp) 

P YHMG044+pRS435GAP-ERG20 
pYHMG044+pRS445GAP-ERG20 


Sc AURGG101 
Sc AURGG101 


SG 
SG 


26 
26 


96 
96 


11.3 
1.24 


HMG1 A(YEp)+lspA(YEp) 

pYHMG044+pRS435GAP-ispA 
P YHMG044+pRS445GAP-ispA 


Sc AURGG101 
Sc AURGG101 


SG 
SG 


26 
26 


96 
96 


1.64 
0.900 


HMG1(YEp)+BTS1(YEp) 

PRS434GAP-HMG1 (=pRS435GG) 
pRS434GAP-HMG1 (=pRS445GG) 
PRS434TEF-HMG1 (=pRS435GG) 
PRS434TEF-HMG1 (=pRS445GG) 


Sc YPH499 
Sc YPH499 
Sc YPH499 
Sc YPH499 


YM 
YM 
YM 
YM 


26 
26 
26 
26 


96 
96 
96 
96 


0.581 
0.350 
0.509 
0.630 


HMG1 (YEp)+BTS1 

pYES-HMGI 
pYES-HMGI 
pYES-HMGI 


Sc AURGG102 
Sc AURGG102 
Sc AURGG703 


SG 
SG 
SG 


26 
26 
26 


48 
96 
96 


0.090 
1.280 
0.462 


HMG1 A(YEp)+BTS1(YEp) 

pYHMG044v=pRb4ooUUJ 
pYHMG044(=DRS445GG) 


Sc AURGG101 
Sc AURGG1 01 


SG 
SG 


nn 

Zo 
26 


9o 
96 


y./o 
8.82 


HMG1 A(YEp)+BTS1(^V.A) 
PYHMG027 
PYHMG044 
PYHMG044 
pYHMG045 
PYHMG059 
PYHMG062 
PYHMG062 


Sc AURGG102 
Sc AURGG102 
Sc AURGG102 
Sc AURGG102 
Sc AURGG102 
Sc AURGG102 
Sc AURGG102 


SG 
SG 
SG 
SG 
SG 
SG 
SG 


26 
26 
26 
26 
26 
26 
26 


48 
48 
96 
48 
48 
48 
48 


0.078 
0.120 
0.415 
0.610 
0.099 
0.120 
0.418 



66 



$.mm (M26) 



WO 02/053746 



PCT/JP01/11214 



PYHMG063 
PYHMG076 
PYHMG083 
PYHMG094 
pYHMGI 06 
PYHMG122 
PYHMG123 
PYHMG134 
PYHMG044 
PYHMG062 



HMG1 A(YEp)+ispAm(YEp) 

pYHMG044+pRS435GAP~ispA m 

HMG1 A(YEp)+ORF182(YEp) ' 
pYHMG044+pRS435GAP-ORF1 82 

pYHMG044+pRS445GAP-ORF 1 82 

HMG1 A (YEpHHMGSCYEp) — — — 



Sc AURGG102 
Sc AURGG102 
Sc AURGG102 
So AURGG102 
Sc AURGG102 
Sc AURGG102 
Sc AURGG102 
Sc AURGG102 
Sc AURGG703 
Sc AURGG703 



SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 
SG 



Sc AURGG101 



SG 



26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

26 



Sc AURGG101 
Sc AURGGIOt 



SG 
SG 



26 
26 



48 
48 
48 
48 
48 
48 
48 
48 
96 
96 



96 
96 



0.110 
0.400 
0.210 
0.170 
0.120 
0.160 
0.097 
0.110 
0.201 
0.243 

1.36 



0.626 
1.16 



pYHMG044+pRS435GAP-HMGS 
P YHMG044+pRS445GAP -HMGS 
HMG1 A(YEp)+ERG12(YEp) 



Sc AURGG101 
Sc AURGG101 



SG 
SG 



26 
26 



96 
96 



1.30 
0.883 



pYHMG044+pRS435GAP-ERG1 2 

pYHMG044+pRS445GAP-ERG 1 2 

HMG1 A (YEp)+ERG8(YEp) " — " — 



Sc AURGG101 
Sc AURGG101 



SG 
SG 



26 
26 



96 
96 



0.702 
1.01 



pYHMG044+pRS435GAP-ERG8 

pYHMG044+pRS445GAP-ERG8 

HMG1 ACYEp)+ERG10(YEp) ~ 



Sc AURGG101 
Sc AURGG101 



SG 
SG 



26 
26 



96 
96 



0.700 
2.72 



pYHMG044+pRS435GAP-ERG1 0 

pYHMG044+pRS445GAP-ERG1 0 

HMG1 A (YEp)+ERG1 9(YEp) — — 



Sc AURGG101 
Sc AURGG101 



SG 
SG 



26 
26 



96 
96 



1.15 
1.22 



fpsm(Y81M) 



pYHMG044+pRS435GAP-ERG19 Sc AURGG101 SG 
pYHMG044+pRS446GAP-ERG1 9 Sc AURGG101 SG 



26 
26 



ispAm(Y79M) 
ispAm(Y79D) 



j>FPSm21 



Ec JM109 



2xYT*** 



37 



P16M 



Ec JM109 



2xYT*** 



p15D 



ispAm(Y79E) 

p4E 

ispAm(Y79M) + idi 



Ec JM109 



2xYT*** 



37 
37 



Ec JM109 



2xYT*** 



37 



96 
96 

16 



16 



16 



16 



1.89 
1.02 

16.1 



21.9 



0.12 



0.26 



pALispA16m + p3-47-13 



Ec JM109 



2xYT 



37 



16 



0.07 
0.02 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 



ScA451** 
Sc AURGG101 
Sc YPH499 
Sc YPH500 
Sc W303-1A 
Sc W303-1B 
Ec JM109 



HMG1A 



pRS434GAP-HMG1 
pRS444GAP-HMG1 
pRS434GAP-HMG1 
PRS444GAP-HMG1 
PRS434GAP-HMG1 
PRS434GAP-HMG1 
PRS434GAP-HMG1 



Sc EUG8 
Sc EUG8 
ScEUG12 
Sc EUG12 
Sc EUG12 
Sc EUG27 
Sc EUG27 



YM 
YM 
YM 
YM 
YM 
YM 
YM 



30 
30 
30 
30 
30 
30 
30 



96 
96 
96 
96 
96 
96 
96 



0.16 
0.12 
1.03 
1.02 
0.55 
0.55 
0.63 



PYHMG044 

PRS434GAP-HMG026 
PRS434GAP-HMG044 
pRS434GAP-HMG056 
PRS434GAP-HMG062 
PRS434GAP-HMG076 
PRS434GAP-HMG081 
pRS434GAP-HMG1 00 
pRS434GAP-HMG1 1 2 
PRS434GAP-HMG122 
pRS434GAP-HMG1 33 
pRS434GAP-HMG026 



Sc AURGG101 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG12 



YMO 

YM 

YM 

YM 

YM 

YM 

YM 

YM 

YM 

YM 

YM 

YM 



26 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 



157 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 



3.58 

0.09 

0.09 

0.11 

0.13 

0.15 

0.14 

0.18 

0.34 

0.13 

0.71 

0.63 
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pRS434GAP-HMG044 
pRS434GAP-HMG056 
pRS434GAP-HMG062 
PRS434GAP-HMG076 
pRS434G AP-HM G08 1 
pRS434GAP-HMG1 00 
pRS434GAP-HMG1 12 
pRS434GAP-HMG122 

pRS434GAP-HMG133 

BTSKYEp'*?*— ) 



Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 



YM 


30 


96 


0,44 


YM 


30 


96 


0.4 


YM 


30 


96 


0.45 


YM 


30 


96 


0.55 


YM 


30 


96 


0.49 


YM 


30 


96 


0.44 


YM 


30 


96 


0.53 


YM 


30 


96 


0.5 


YM 


30 


96 


0.44 


YM 


30 


96 


1.4 


YM 


30 


96 


1.58 


YM 


30 


96 


1.53 



PRS435GG 
PRS435GG 
PRS435GG 



Sc EUG8 
ScEUG12 
Sc EUG27 



FPS genes 



pFPSm21 

pFPSm31 

p4D 

p4E 

p4M 

p8M 

p15D 

p15E 

p16D 

p16E 

p16M 

p18E 

p18M 



FPS genes+idi 



GGHDEL 
FGG fusion 



p16M+p3-47-13 



PRS445GGHDEL 



Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 
Ec JM109 



2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 
2xYT*** 



37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 



16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 



Ec JM109 



2xYT 



37 



16 



Sc YPH499 



YM 



30 



16.1 
6.9 
0.09 
0.26 
15.5 
0.31 
0.12 
0.21 
0.06 
0.88 
21.9 
0.14 
6 



0.07 



0.23 



GGF fusion 



PRS435FGG 
PRS435FGGHDEL 



pRS435GGF 

pRS435GGF 

pRS435GGF 

PRS435GGF 

PRS435GGF 

PRS435GGF 

PRS435GGF 

pRS435GGF 

PRS435GGF 

pRS435GGF 

PRS435GGF 

PRS435GGF 

PRS435GGF 

PRS435GGF 

P RS435GGF 

PRS435GGF 

PRS435GGF 

PRS435GGF 

PRS435GGFHDEL 

PRS435GGFHDEL 

PRS435GGFHDEL 

pRS435GGFHDEL 

PRS435GGFHDEL 

PRS435GGFHDEL 

pRS435GGFHDEL 

PRS435GGFHDEL 

PRS435GGFHDEL 

PRS435GGFHDEL 

PRS435GGFHDEL 

PRS435GGFHDEL 

pRS435GGFHDEL 

pRS435GGFHDEL 



Sc YPH499 
Sc YPH499 



YM 
YM 



30 
30 



96 
96 



Sc A451 
Sc A451 
Sc A451 
Sc A451 
Sc YPH499 
Sc YPH499 
Sc YPH499 
Sc YPH499 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc A451 
Sc YPH499 
Sc YPH499 
Sc YPH499 
Sc YPH499 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 



YM 

YMO 

YM 

YMO 

YM 

YMO 

YM 

YMO 

YM 

YMO 

YM(100) 

YM 

YMO 

YM 

YMO 

YM(20) 

YM 

YMO 

YMO 

YM 

YMO 

YM 

YMO 

YM 

YMO 

YM(75) 

YM 

YMO 

YM 

YMO 

YM(20) 

YM 



30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 



96 
96 
168 
168 
96 
96 
168 
168 
96 
96 
96 
168 
168 
96 
96 
96 
168 
168 
96 
96 
96 
168 
168 
96 
96 
96 
168 
168 
96 
96 
96 
168 



0.46 
0.29 



0.28 
0.48 
0.28 
1.01 
2.1 
1.49 
0.37 
2.92 
5.2 
4.2 
3.5 
7.32 
10.1 
0.47 
2.38 
7.04 
1.43 
5.78 
0.13 
1.9 
1.69 
0.54 
2.5 

5.78 

3.97 

3.94 

6.99 

10.6 
0.6 

2.33 

8.01 

1.18 
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pRS435GGFHDEL S c EUG12 

HMG1+GGF fusion ' 

pRS434GAP-HMG1+pRS435GGF Sc A451 
PRS434GAP-HMG1 +pRS435GGF Sc A451 
PRS434GAP-HMG1 +pRS435GGF Sc A451 
pRS434GAP-HMG1+pRS435GGF Sc A451 
PRS434GAP-HMG1 +pRS435GGF Sc A451 
PRS434GAP-HMG1 +pRS435GGF Sc YPH499 
pRS434GAP-HMG1+pRS435GGF Sc YPH499 
pRS434GAP-HMG1 +pRS435GGF Sc YPH499 
pRS434GAP-HMG1 +pRS435GGF Sc YPH499 
pRS434GAP-HMG1+pRS435GGF Sc YPH499 
pRS434GAP-HMG1+pRS435GGF Sc YPH499 
pRS434GAP-HMG1 +pRS435GGF Sc YPH499 
pRS434GAP-HMG1+pRS435GGFHDEL Sc A451 
PRS434GAP-HMG1 +pRS435GGFHDEL Sc A451 
PRS434GAP-HMG1 +pRS435GGFHDEL Sc A451 
pRS434GAP-HMGl +pRS435GGFHDEL Sc A451 
PRS434GAP-HMG1 +pRS435GGFHDEL Sc A451 
PRS434GAP-HMG1 +pRS435GGFHDEL Sc YPH499 
pRS434GAP-HMG1+pRS435GGFHDEL Sc YPH499 
PRS434GAP-HMG1 +pRS435GGFHDEL Sc YPH499 
PRS434GAP-HMG1 +pRS435GGFHDEL Sc YPH499 
pRS434GAP-HMG1+pRS435GGFHDEL Sc YPH499 



YMO 30 1fiA 


YM 


30 


96 


YMO 


30 


96 


YM 


30 


168 


YMO 


30 


168 


YM(50) 


30 


168 


YM 


30 


96 


YMO 


30 


Qfi 


YM(50) 


30 




YMO 


33 


109 


YM 


30 


168 


YMO 


30 


168 


YM(100) 


30 


168 


YM 


30 


96 


YMO 


30 


96 


YM 


30 


168 


YMO 


30 


168 


YM(75) 


30 


168 


YM 


30 


96 


YMO 


30 


96 


YM(IOO) 


30 


168 


YM 


30 


168 


YMO 


30 


168 



0.55 
0.36 
0.93 
1.01 
4.54 
0.79 
2.46 
2.25 
128 
1.28 
5.66 
2.5 
0.54 
0.41 
0.76 
3.49 
5.74 
1 

2.6 
2.85 
2.45 
6.16 



* : 0.1 %7Tl3S—)l,+5%G\c£mimLtZo 

**:m±0)frO>®&it. ^^-f^^<7)S^^*ICfct^r%GGOHI*^$*l^^o^ 0 
***:lPPkDMAPP$mitoLtzo ° 

afe^**.rYEpji:&^(DliYEp^^^^AtT^^<D$mi*U r?S^}t&%(D\t7;J*4lsTVU-hl£ni*'tZ> 0 



(20)WU YMmm*<DW!$ft*<DWMm^m® 20% Glc- 80% Gal^igiftfC 2 0 

&izz ztz^mm. 5% Gic ^minhrchcD^M^T Momm^^miz-D^x 

(5-1) ERG20<Dmmz^^> GGOH(D±m 

pRS435GAP-ERG X« pRS445GAP-ERG £ A451 fC#A^T£ tiS^T GG 
OH &*kMl£n, pRS445GAP-ERG *m^Tc tg\Zlt 0.73mg/l <D GGOH ££jg 
b^c (»9). 

(5-2) BTS1 <D%mz&% GGOH <D*kM 

pRS435GAP-BTSl XIZ pRS445GAP-BTSl £ A451, YPH499 [I«AT5 £ 
GQOK<D±MifimtnL (*9), A451 tbtct^ \Z^i% O.lO-O.llmg/l, 

**0.585mg/l©GGOH££j6Lfc (*9). S&fc, pRS435GAP-BTSl Xtt 
pRS445GAP-BTSl £ W303-1A XU W303-1B ClAni, ft* 0.19-0.85 
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(5-3) HMG-CoAWTU&mmfc^XtetO&gfcvmmiZ&Z GGOH <D*kM 

a) unmrnm^u^-^-^mrnvrc hmgim^^ A45i cixifc^ 

GOH ±g 

GG0H<DM»$aiJ^bfc^^|gIl6tC:^t- o ®16fc^V^T, 434. 444 
^tl-^n pRS434GAP, pRS444GAP — ZRl^ftt^CDm^&^To — # 

ilcD^cfcD, A451 ^^{Cffl^^xh, pRS434GAP-HMG/A451 T« GGO 

h <D±mmm±v, HMGimfc^oifc^&mmkz&ztiif-e ggoh 

0.105mg/U 3n--t; c toTH SitrT 0.348mg/l £M£n (^ 9 K GGOH £ 

(ii) mWmyu*:—?— ; HMGl; A451 & AURGG101 

mmm^U^-p-GALlj? £^tf^^- p YES2 £ HMGim^ (PCR X 
^^-^ HMGIT'&Z HMGT) *nAVrc?7X^ V pYES2-HMG A4 
51£AURGG101 (A451, aurl:.AURl-C)^m>\\,tz. 0 

^(D^m, GGOH*il4Stl)^n->^#Snfc. GGOH*«AURGG10 
1 l.lmg/1 fcjiU Sl± 2.2mg/l (D GGOH (0 17) D 

(iii) iil^D^-^- ; HMG1 & AURGG102 & AURGG703 
mmm7u=E-?-GALlp tt^-tS^Z ^- P YES2 fC /CI^'^ALfc:/^ 

*5 K pYES2-HMG A451 AURGG102 £ YPH499 E&3fc8n? 

h%> AURGG703 ^Alfc (^V A'W >5^l/- h £tlT^.g>) 0 

AURGG102 AURGG703 ©l^ft&*&£K:JB <7 
4£2p *teJBLfc£€r«, GGOH£i$iMT S^n->*!#5n (018), AUR 
GG102 \Z^xm± 1.28 mg/10GGOH§4Itfc. 

(iv) iiiyn^-^- ; HMG1A; A451 

iiSMyn^-^-6L4Zip £#ir^^-pYES2 jc^&m iaa^i-Jte^* 

#Ab^T©^775 K£-en^ftA451 ^ALfc. 
pYHMG026 
PYHMG044 
PYHMG056 
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PYHMG062 
PYHMG076 
pYHMG081 
pYHMGlOO 
pYHMG112 
pYHMG122 

sg mm-emm&s ggoh (Dtkmrnzmfevtc (019). Hi9fc*^T, hm 

G1A026 tepYHMG026 £ A451 ^Al/ftitOjg**St. ffiOjUS^KO 

k&m hmgi && : ?&nmm7u : £-?--i?mmi£ j &z> t, ggoh i%&.mm 

tftftZMto GGOH tkMlZte HMGJA056 t HMGl A 062 ifiWZklfilb-Dlt. (H 
MG062/A451 0.063mg/l) o 

(v) BSil^nt-^- ; HMGl A; AURGG101 

mmmzfWe-^-GALlp £^t?^^- P YES2 \Z,X£;mi£MGl'&B s ?& 

mx v rcMTv y^z k &^-n^n aurggioi ^ a l fc„ 

pYHMG026 
pYHMG044 
pYHMG056 
pYHMG062 
P YHMG076 
pYHMG081 
pYHMGlOO 
PYHMG112 
PYHMG122 
PYHMG133 

SQ#«IT**«, GGOH <Z>£;g*£MIJ£Lfc (0 20). HMGl A 

044 IZ&^Tffi 3.1mg<D GGOH £g^g>6*lfc, 0 20 fc^T, — #:£f#JOD 
# 5 AUfe&l-m A f&<D?t3E AURGGIOI 

(vi) Mmmyu^—f— ; HMGl A & JWKZ; AURGG102 
^zgfg^D^E— ^ — GALip £^tf^#-pYES2 fc^&gr HMGl'Mfe^ £ 

WX Lfc^TO y ^7* 5 K £^n^tl AURGG102 ^Atfc, 
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pYHMG027 

pYHMG044 

pYHMG045 

pYHMG059 

PYHMG062 

PYHMG063 

pYHMG076 

pYHMG083 

pYHMG094 

pYHMG106 

pYHMG112 

PYHMG123 

PYHMG134 

SGigM-&&m'&, GGOH <O^M*»3tbfc. 

pYHMG045 £#A b7ti§£\ 0.36 mg/1 <D GGOH 

(vii) iil^Dt-^- ; BMG1A & BTS1; AURGG703 
^M^P^-^-G^ip £#tT^^- p YES2 fc^M HMG?lAfc^$: 

SAtfc^X^ H pYHMG044 £ pYHMG062 tttl-Ztl AURGG703 ^A 

L£:„ SG #tfn?*Hi&, GGOH ©£g*£«!l)£L&. 

pYHMG062^A$tl^:^fCcfe^T, ¥^0.21 mg/1 <£> GGOH 
22) o 

(5-4) BTS1 t mAG-CoAW7mmmfc : ?t.(Dmmz&Z> GGOH CD^jg 

pRS435GAP-HMGl Xtt pRS445GAP-HMGl £ BTS1 £ £ YPH499 Kl3JA U 
GGOH ©&M;&S!l£b;fc:. ^©^^, p RS435GAPlHMGl £^AT3 0. 
58 mg/1 © GGOH ^it5^0->^etlfe (g9). 

(5-5) isrpAmu ORF182(ifl&), HMGS, ERG8, ERGlOJLIZ ERG19 tK&ME. 
MG-CoA jStcS**^ UlMGlA ) tO&gfcJ; £ GGOH ©41 

i^ m > ORF182(/<fc). HMGS, ERG8, ERG10~XM ERG19 1. HMGlAb.* 
AURGG10l£#AU GGOH ©^SlSfflfeLfc. 0.6mg/l~2. 
7 mg/1 ©IBfflT GGOH ^&Mrt^> 2 □ — £>nfc(^ 9 ). 
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CX1M9j DNA <Om±^<Om?<JSLUm±<0^m (Escherichia coJUZJ: 

E. coli FPP^^jt^7^^^^^-i;LTpALisp4,pALispl5, 
pALispl6> P ALispl8 tf>, ispA £«^S£itT GGPP -SffrBmiABi^lZ 
&^bfcispA(Y79D), is P A(Y79E), xffjDu4(Y79M)©»S^^^-i: bT P 4D, P 4 
E, p4M, p8M, P 15D, pl5E, pl6D, pl6E, pl6M, P 18E, pl8M£JBt^T\ 
B. stearothermophilus FPP tei&mMMfc 1 ? fps © Y81M ^^Mjffc^ib 
T P FPSm21, P FPSm31 ZM^T, E. coli JM109 fC^AU 50 ml/300 ml fl 
ask © 2x YT\ 1 mM IPTG ^ICMilSS 0.5 ml JnA, bfe^ 
*H (T>tfvU>, ^n7A7x"3-;P) i5mM (^0.12% (W/V))© IP 

p t dmapp 37t:i? i6 m$mmmmvrco 
mmk. mmm±mtttmm^mwm i:^t^tni7t^77^ —if & 

ira*, ^>^>$tiiiiiLT7'^-;i/7;i'j-;^iaajt, gc/ms jcj^d 

£Mfc*R£, tibfc. IPP t DMAPP ^muh^KTh^U-JVTJV 

3-)v&m&ftzzfr£5ft&nfcib2>it!&, ^jfi«f}3(i)T#5nfc^77$ h 

pl6M(pALispA16m <fr3)<h, 2(10-2)T : f# £> frfc JPPA--T V ^ — if it 

fifM^mS^7X5 H p3-47-13 £ -£". co7i'JMl09 fc^A, 50 ml/300 
ml flask © 2x YT\ 1 mM IPTG 0.5 ml in A, ifc^fcJ&CT 

ffitkynSZMZ. (T>tfvU>, ^D^A^i-n-;j/), 37*0^16^^^ 

^©l^, ^(d^iD^^<hbTIPP £ DMAPP ^Sn^fe^^CDGGOH ©£ 
^JIM#s£«ALfc:|§1^(® 23 *© p FPSm21, P FPSm31 T^rT)"? 
•en-^tl 16.1mg/L 6.9mgAT^ofc„ Sfc, ^SI^^AU&^Tfe, 
P 4M, pl6M, pl8M £&*rr<5 JM109 ^^Lfc^te^n^tl 15.5 mg/1, 
21.9 mg/L 6.0 mg/lT&D(El23), Y79M ^S^^A bfe P 4M, pl6M fc*5tr> 
T, i5CJRH^fcKV^OGOHffitt*«B»6nfc. Ctltt, P ALis P A4, pALispAl 
6tt^. cofflffllfirtTSttO^S FPP£/*»**5S38U 

%mzmi!Qf&fttVTI?P t DMAPP £*nA&/^fc<h#© GGOH © 
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4£MMfe* pALispA16m JM109 7? 0.07 mg/1 T&o fco pALi 

spA16m IPPA-^ V *7—i£&Um?Z>Z?77.$ F p3-47-13 £%&mm 
$ itrfc £ ^ £ , GGOH T $LM& \$ 0. 12mg/l "f^ofc, 

10] li^ae^^lCcl:-5yU-^7^3-;KD±a 

£ cerevisiae BTSl ft 3 - h* b T ^ £ GGPP 7 7 -f T — <h 

bTDMAPP (dimethyl aUyl diphosphate; y^f ^7UMlU >i) <fc D F 
PP ^$ftit^i~^o «T3t, IPP fr£ GGOH ftiig#:Tr&£ GGPP ^<£> 

52^1 £ ^^^COife-a-jt^^f^ML, S.cerevisiae 
£HBSftT^(Dll^mfc^£§^£i*\ GGOH £m^ft±t-&^£*i:^i6£ £ <h 

(1) ^^^5 K DNA <Di¥M 
GGPP ^JfcH&jfte^ ^7^2 £ pYES2 fcH&^&AriE pYESGGPS FPP 

fiK^^ae^ .EflG^ § pT7 \Zffi.fr&Ajfz pT7ERG20 h&mMlzm PCR £ 

fiofco ^BbfcPCR^rM^-fcmTOffiDT&So 

SacII-BTSl:5'-TCC CCG CGG ATG GAG GCC AAG ATA GAT-3' (1B^J# 

107) 

BTSl-XhoI:5'-CAA CTC GAG TCA CAA TTC GGA TAA GTG-3' (I3?U# 
108) 

ERG20HDEL-XbaI:5'-GCT__CTA_SAG TTC GTC GTG TTT GCT TCT CT 
T GTA AAC TT-3' (IH^J#^ 109) 

BTSlHDEL-XhoI:5'-TAT CTC GAG TCA CAA TTC GTC ATG TAA ATT 
GG-3' (BB#l#-5§ 110) 

BTSI-109I:5'-GCA GGG ACC C CA ATT CGG ATA AGT GGT C-3' (IH^J# 

111) 
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109I-BTS1:5'-GTA GOO TCC CT G GAG GCC AAG ATA GAT G-3' (Mm 
#-*§■ 112) 

ERG20-109I:5'-GCA GGG ACC CT T TGC TTC TCT TGT AAA CT-3' (SB 

113) 

109I-ERG20:5'-GTA GGG TCC T CA GAA AAA GAA ATT AGG AG-3' (S3 
114) 

-21:5*- TGT AAA ACG ACG GCC AGT-3' 115) 
T7:5'-TAA TAC GAC TCA CTA TAG GG-3' (SB3«-^ 116) 
ERG20HDEL-XbaI: 5'-GC l CTA GA G TTC GTC GTG TTT GCT TCT C 
TT GTA AAC TT-3' (SE^J#-*t 117) 

BTSIHDEL-Xhol: 5'-TAT CTC GAG TCA CAA TTC GTC ATG TAA ATT 
GG-3' (SB^J#-^ 118) 
ERG20HDEL-XbaI (D^3fi~l8f@ ©StU&ft BTS lHDEL-XhoI ©JH 4 

mmo Sadl, Xhol Xbal . BTSI-109I, 109I-BT 

SI, ERG20-109I TkX$ 109I-ERG20 <D% 4 #g~H 10 #g©tS (^tl^tl, 
7 STitlU fcBG#) fcMSt&Jtfc^SUB © #coO109I Kttfttt * 

pcRkmT<D&j&?&TfTofc. 



lx KOD-Plus 7 <m^l&), 

0.2 mM dNTPs 

0.25 mM MgS0 4 

15 pmol primer 1 

15 pmol primer 2 

0.01-0.1 Ug HSDNA 

1 u KOD-Plus DNA g U ^ g — g (Toyobo) 

£*50 Ml 

KOD-Plus fc« 1.6 /ig/tfl©KODfft#tf*&£ftTV>S. Kfe&mt. 94T1 
"C 2 #©SJ&?£. 94t3 15 55"C 30 68t: 1 #©iM 30 +h-f ^ 

1st PCR fe&sT<D$%M> y^-r^?- (primer 1, primer 2) ©2&£-itrTfro fc„ 
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(iglO, 0 24). PCRmW3£hm. 10 RZfm 24 £^bfc„ ®24fc&^T, 

fo&ftis¥i-)V£LTWAVf£o <ZtfM%LmZ, PCR T«/B b fe^^ -f V-<£> 
&M£ft#£^bTV*£o 



10 





primer 1 


primer 2 


PCRg^£ 


PT7ERG20 


SacII-BTSl 


BTSIHDEL-Xhol 


#6 


pYESGGPS 


SacII-ERG20 


ERG20HDEL-XbaI 


#7 


pYESGGPS 


SacII-BTSl 


BTS1-109I 


#9 


PT7ERG20 


T7 1 


ERG20-109I 


#10 


PT7ERG20 


109I-ERG20 


-21 


#11 


pYESGGPS 


109-BTS1 


BTSl-XhoI 


#12 


PT7ERG20 


109I-ERG20 


ERG20HDEL-XbaI 


#13 


pYESGGPS 


109I-BTS1 


BTSIHDEL-Xhol 


#14 



PCR^#J#9, #10, #11, #12, #13, #14 &®mWm ^coO109l T^b^, #9 
£#11, #10 £#12, #9 £#13, #10 £#14 t&^n^ti ?^5*-~> a >bfc„ Z. 

(D^-iy—isBymm&FciKDmmtv, -^n^n, sadi-BTsi £-21, T7£ 

BTSl-XhoI, SacII-BTSl £ ERG20HDEL-XbaI, T7 £ BTS lHDEL-XhoI £ pr 
imer 1 £ primer 2 fcffiV^T, 2nd PCR £ 1st PCR £^U^#TffV^ 2nd P 
CR^$I#9-#11, #10-#12, #9-#13, #10-#14&#fc o 

#9-#ll £ -SacII £ BamHI !?Wm'& P RS435GAP £ pRS445GAP <D Sacll-Ba 
mUl M$L \ZWA b , ^n^n pRS435GGF £ pRS445GGF £ b fco 

#10-#12 £ JK»aI £ JTiwI T^JIfr^: pRS435GAP £ pRS445GAP <D Xbal-Xhol 
BM&fc^Ab, ^-tl^n pRS435FGG £ pRS445FGG £ bfc„ 

#9-#13 £ SacII £ Xbal T^Wm pRS435GAP © Sadl-J^M gB&£#Ab, 
^-n^tl pRS435GGFHDEL £ b£o 

#10-#14 £ Jffcal £ JSol T^PHfm pRS435GAP £ pRS445GAP © X^I-X&oI 
M:^J¥Ab> -^n^n pRS435FGGHDEL £ pRS445FGGHDEL £ b7to 

#7 £ iSfcdl £ JH>aI T^Jff^ P RS435GAP £ pRS445GAP <D Sacll-Xbal 
}:#Al, ^n^ft. pRS435FHDEL £ pRS445FHDEL £ bfc„ 
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#6 * BamBI t Xhol T!£J»r& pRS435GAP £ pRS445GAP <Z> BamBl-Xhol 
A U -en-^tl pRS435GGHDEL t pRS445GGHDEL ilfco 

m^3l^T^^ BTS1, EBG20<Dmm^i7^-tiyX, pRS435GAP-BTSl 
(pRS435GG t^o), P RS445GAP-BTS1 (pRS445GG <hV>5K pRS435GAP- 
ERG20 ( P RS435F pRS445GAP-ERG20 (pRS445FG t^o) *mm 

U HMG1 mmmizm® hfz.'JyTs^ Htlt pRS434TEF-HMGl £ pRS434 
GAP-HMG1 ^flE Lfco 

(2) m&*-#tf>#U 

^^^.#0Df^^«, Zymo Research (Orange, CA)<D Frozen EZ yeast trans 
formation kit £fflWT, ifB^SO^bfcy^X ^ H £^£^Air % £ b. 
IC^^ffofec l^teA451, YPH499, AHl(pRS434GAP-HMGl/A451)> YH1 
(pRS434GAP-HMGl/YPH499)> EUG5> EUG12£4Mbfco 

(3) -7\s—)U7)m-)\s£.mmmj£. 

EVG $i&ft<DB.&%-fcte SI> (synthetic dextrose) M$l$&fc*g1&te5gm b, E 
UG^«SGR(SD©^;Vr3-^^^^^i 7 h-Xt77^;-XfcStI^ 

//l£> 1.0$fdi2.5 ml©YM7+ade (YM, pH7, 40 Mg/ml 7r->»l) 
Jgft&^fcte YMO (YM7+ade, 1% TCSfft, 0.1% T^XS—fr LG-109 (Asahi 
Denka Kogyo, Tokyo, Japan)) iSMfifcUP*., 30^ 4 B^£fcte 7 0M 130 

>=£^'fb$^> ^7^nTh^77^-/lM (GC/MS) 

30jgC^lRU 600 nm<D^7^£S , J£L'fco 
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GC/MS tt. HP6890/5973 GC/MS S^X^A (Hewlett-Packard, Wilmington, 
DE) &/Btr*fc. 

(4) i!£Jil<!:#i! 

11 Id^fo 
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(Mfi 


mm GGOHSEMS 






(°C) 


«) (mg/l) 


435FHDEL 


PRS435FHDEL 


Sc EUG5 


YM 


30 


96 


0.171 




pRS445FHDEL 


Sc EUG5 


YM 


30 


96 


0.106 




PRS435FHDEL 


Sc EUG12 


YM 


30 


96 


0.090 




pRS445FHDEL 


Sc EUG12 


YM 


30 


96 


0.056 


435GGHDEL 


pRS445GGHDEL+pRS434GAP-HMG1 


Sc YPH499 


YM 


30 


96 


0.227 




pRS435GGHDEL 


Sc EUG5 


YM 


30 


96 


0.168 




PRS445GGHDEL 


Sc EUG5 


YM 


30 


96 


0.397 




PRS435GGHDEL 


Sc EUG12 


YM 


30 


96 


0.733 




PRS445GGHDEL 


Sc EUG12 


YM 


30 


96 


0.825 


435FGG 


pRS435FGG 


Sc YPH499 


YM 


30 


96 


0.271 




pRS445FGG 


Sc YPH499 


YM 


30 


96 


0.156 




pRS435FGG+pRS434GAP~HMG1 


Sc YPH499 


YM 


30 


96 


0.462 




pRS445FGG4pRS434GAP-HMG1 


Sc YPH499 


YM 


30 


96 


0.648 




pRS435FGG 


Sc EUG5 


YM 


30 


96 


2.46 




pRS445FGG 


Sc EUG5 


YM 


30 


96 


2.17 




PRS435FGG 


Sc EUG12 


YM 


30 


96 


4.83 




pRS445FGG 


Sc EUG12 


YM 


30 


96 


3.65 


435GGF 


pRS435GGF 


Sc A451 


YM 


30 


96 


0.354 




pRS435GGF 


Sc A451 


YM 


30 


168 


0.283 




pRS435GGF 


Sc A451 


YMO 


30 


96 


0.475 




pRS435GGF 


Sc A451 


YMO 


30 


168 


1.00 




pRS435GGF+ p RS434GAP-HMG1 


Sc A451 


YM 


30 


96 


0.546 




pRS435GGF+pRS434GAP-HMG1 


Sc A451 


YM 


30 


168 


0.929 




pRS435GGF+pRS434GAP-HMG1 


Sc A451 


YMO 


30 


96 


0.362 




pRS435GGF+pRS434GAP-HMG1 


Sc A451 


YMO 


30 


168 


1.01 




pRS435GGF 


Sc YPH499 


YM 


30 


96 


0.458 




pRS435GGF 


Sc YPH499 


YM 


30 


168 


0.371 




pRS435GGF 


Sc YPH499 


YMO 


30 


96 


1.49 




pRS435GGF 


Sc YPH499 


YMO 


30 


168 
96 


2.92 




pRS445GGF 


Sc YPH499 


YM 


30 


0.317 




pRS435GGF+pRS434GAP-HMG1 


Sc YPH499 


YM 


30 


96 


2.10 




pRS435GGF+pRS434GAP-HMG1 


So YPH499 


YM 


30 


168 


1.28 




pRS435GGF+pRS434GAP-HMG1 


Sc YPH499 


YMO 


30 


96 


2.46 




pRS435GGF+pRS434GAP-HMG1 


Sc YPH499 


YMO 


30 


168 


5.66 




pRS445GGF+pRS434GAP-HMG1 


Sc YPH499 


YM 


30 


96 


1.01 




pRS435GGF 


Sc EUG5 


YM 


30 


96 


5.20 




pRS435GGF 


Sc EUG5 


YM 


30 


168 


7.32 




pRS435GGF 


Sc EUG5 


YMO 


30 


96 


1.20 




PRS435GGF 


Sc EUG5 


YMO 


30 


168 


10.1 




PRS445GGF 


Sc EUG5 


YM 


30 


96 


0.661 




PRS435GGF 


Sc EUG12 


YM 


30 


96 


4.67 




PRS435GGF 


Sc EUG12 


YM 


30 


168 


1.18 




PRS435GGF 


Sc EUG12 


YMO 


30 


96 


2.38 




PRS435GGF 


Sc EUG12 


YMO 


30 


168 


5.02 




PRS445GGF 


Sc EUG12 


YM 


30 


96 


3.25 


435FGGHDEL 


PRS435FGGHDEL 


Sc YPH499 


YM 


30 


96 


0.121 




pRS445FGGHDEL 


Sc YPH499 


YM 


30 


96 


0.066 




pRS435FGGHDEL+pRS434GAP-HMG1 


Sc YPH499 


YM 


30 


96 


0.294 




pRS445FGGHDEL+pRS434GAP-HMG1 


Sc YPH499 


YM 


30 


96 
96 


0.385 




pRS435FGGHDEL 


Sc EUG5 


YM 


30 


0.786 




pRS445FGGHDEL 


Sc EUG5 


YM 


30 


96 


0.504 






Sc EUG1 2 


YM 


30 


96 


2.41 




pRS435FGGHDEL 


Sc EUG12 


YM 


30 


168 


1.43 




pRS445FGGHDEL 


Sc EUG12 


YM 


30 


96 


0.521 


435GGFHDEL 


pRS435GGFHDEL 


Sc A451 


YM 


30 


96 


0.072 




PRS435GGFHDEL 


Sc A451 


YMO 


30 


96 


0.126 




pRS435GGFHDEL+pRS434GAP-HMG1 


Sc A451 


YM 


30 


96 


0.540 




pRS435GGFHDEL+pRS434GAP-HMG1 


Sc A451 


YM 


30 


168 


0.760 




pRS435GGFHDEL+pRS434GAP-HMG1 


Sc A451 


YMO 


30 


96 


0.414 




pRS435GGFHDEL+pRS434GAP-HMG1 


Sc A451 


YMO 


30 


168 


3.49 




PRS435GGFHDEL 


Sc YPH499 


YM 


30 


96 


0.805 




PRS435GGFHDEL 


Sc YPH499 


YM 


30 


168 


0.541 




PRS435GGFHDEL 


Sc YPH499 


YMO 


30 


96 


1.69 
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PRS435GGFHDEL 

P RS435GGFHDEL+pRS434GAP-HMG1 

p RS435GGFHDEL+pRS434GAP-HMG1 

P RS435GGFHDEL+pRS434GAP-HMG1 

pRS435GGFHDEL 

pRS435GGFHDEL 

pRS435GGFHDEL 

pRS435GGFHDEL 

pRS435GGFHDEL 

pRS435GGFHDEL 

pRS435GGFHDEL 

DRS435GGFHDEL __ 



Sc YPH499 
Sc YPH499 
Sc YPH499 
Sc YPH499 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 



YMO 

YM 

YM 

YMO 

YM 

YM 

YMO 

YMO 

YM 

YM 

YMO 

YMO 



30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 



168 

96 

168 

96 

96 

168 

96 

168 

96 

168 

96 

168 



2.50 
1.90 
2.45 
2.60 
5.78 
6.99 
3.97 
10.6 
3.00 
1.43 
2.33 
5.78 



EUG(ERG9p=URA3-GAL1 p) 



Sc EUG5 
Sc EUG5 
Sc EUG5 



YM 

YM 

YMO 

YM 

YM 

YM 

YM 

YM 

YM 

YM 

YM 

YM 

YM 



30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 



96 
168 



0.179 
0.230 
0.232 
0.093 
0.087 
0.106 
0.132 
0.148 
0.140 
0.184 
0.340 
0.127 
0.714 
0.074 
1.42 



HMG1 A pRS434GAP-HMG026 
pRS434GAP-HMG044 
pRS434GAP-HMG056 
PRS434GAP-HMG062 
pRS434GAP-HMG076 
pRS434GAP-HMG08 1 
pRS434GAP-HMG100 
P RS434GAP-HMG112 
pRS434GAP-HMG122 
pRS434GAP-HMG1 33 



HMG1 



pRS434GAP-HMG1 



BW pRS435GAP-BTS1 
ORS445GAP-BTS1 



Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 
Sc EUG5 



Sc EUG8 



YM 



Sc EUG8 
Sc EUG8 
Sc EUG12 
Sc EUG12 
SoEUGIj 



YM 
YM 
YM 
YM 
YM 
YM 



96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 



30 
30 
30 
30 
30 
30 



96 

72 

96 

168 

96 

96 



0.067 

0.081 

0.194 

0.335 

0.705 

2.05 

6.63 

0.260 

0.381 

1.75 

3.20 

0.629 



"HMG1 pRS434GAP-HMG1 
DRS444GAP-HMG1 
pRS435GAP-ERG20 
pRS435GAP-ERG20 
pRS445GAP-ERG20 
pRS435GAP-BTS1 



ERG20 



BTS1 



Sc EUG12 
Sc EUG12 



YM 



Sc EUG12 
Sc EUG12 
Sc EUG12 



YM 
YM 
YM 
YM 



30 
30 
30 
30 



72 
96 
96 
96 
96 



pRS445GAP-BTS1 



HMG1 A P RS434GAP-HMG026 
pRS434GAP-HMG044 
PRS434GAP-HMG056 
PRS434GAP-HMG062 
PRS434GAP-HMG076 
pRS434GAP-HMG081 
pRS434GAP-HMG100 
pRS434GAP-HMG112 
pRS434GAP-HMG1 22 
DRS434GAP-HMG133 



Sc EUG12 
ScEUG12 



YM 



30 



ScEUG12 
Sc EUG12 
Sc EUG12 
ScEUG12 
ScEUG12 
Sc EUG12 
ScEUG12 
Sc EUG12 
Sc EUG12 
Sc EUG12 



YM 
YM 
YM 
YM 
YM 
YM 
YM 
YM 
YM 
YM 
YM 



30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 



96 
96 
96 
96 
96 
96 
96 



96 
96 
96 



0.428 
0.402 
0.445 
0.479 
0.488 
0.440 
0.534 
0.499 
0.440 
0.053 
0.723 
0.205 
0.661 
0.297 
0.761 
0.595 



HMG1 pRS434GAP-HMG1 
pRS444GAP-HMG1 



ERG20 pRS435GAP-ERG20 
pRS445GAP-ERG20 



BTS1 pRS435GAP-BTS1 
pRS445GAP-BTS1 



Sc EUG27 



Sc EUG27 
Sc EUG27 



YM 
YM 



Sc EUG27 
Sc EUG27 



Sc EUG27 
Sc EUG27 



YM 
YM 
YM 
YM 



96 
96 
96 
96 
96 



(4-2) A451 T© EBG20. BTSl 38 ?g 

m 25 \Z7*?o m 25 IZ&^X, 435GGF pRS435GGF ^^b, 435GGFHDE 
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L « pRS435GGFHDEL £5*bfc (KTR*). OD 600 tt 600nm ©8WM**T . 

m25 tc«, M^ae^T&vi btsi mte?*u&&ktmm'<? A45i 

fc$AbfcB#<B<S* (435GG) fe^bfco 

pRS445GAP-BTSl (B4n?» T445GG/A451J 2:3MB) £S*Abfc££K::feV> 
Tfe, 0.44 mg/1 0) GGOH Stlfc. 

(4-3) YPH499 T© ERG20, BTSJ^M 

YPH499 Tfess^fcttr© ggoh &0 26 

^To 0 26fcl43V>T\ 499&YPH499 £^b, 435GGF « pRS435GGF 4 
45GGFFHDEL«pRS445GGFHDEL£^T mTH«). 0 26 Kite, S&^ilfe 

^tfet>ii:T^bfco 

P RS435GAP-BTS1 U35GG/499J <hSIB) 0.11 mg/1 

© GGOH 4il*«B«»6n, ERG20 t BTSl M^lfif^I^A;^ pRS435 
FGG (H*T?tt T435FGG/499J fcSME) iAT¥^ 0.20 mg/1 © GGOH, pR 
S435GGF + T435GGF/499J £X£) #At^ 0.39 mg/1 © GGOH. 
P RS35GGFHDEL T435GGFHDEL/499J i^lB) 0.62 

mg/1 © GGOH 5*1, M^atfir?* HDEL E*IK:«fcS GGOH 

|flJ±©^^^e>*lfeo 

(4-4) YPH499 T© HMGU ERG20, BTSl 

YPH499^^^T, J2MGi^Sl^^^-^AbfcttcpRS434G 
AP-HMGl/YPH499(YHl)£pRS434TEF-HMGl/YPH499 €«±CLT, JSZftfGI 

t©*»afcj:D ggoh z&Qgr<£m?zmm*>nz>fr*>Lnte^£2£Z- 

iJtfgtfc pRS434TEF-HMGl * YPH499 ^iAI/fci^fti' bT, IH 

bfc^©yi/^VT;i/3-;V^*^0 27 iC^To m 27 fc&^T, 434TEFp- 
HMG1 « P RS434TEF-HMG1 ^lAbfcft^Ht, ZEfl> tt TEF2ltB=f-V>%k 
^l^ n ^—^— -t?^J5 0 499 teYPH499 £^cb, 435F pRS435GGF 445 
FttpRS445GGF**b& <«TH«). JWHZ fiiATH GGOH &jgft#* 0. 
11 mg/1 Tfeofeo E*lfc*rU TEF2g-HMGl 3*A*&1S££bT BTSl fgSi 
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^^^-5iAt5t> GGOH 0.40 mg/1 (HI^K 435GG 

& 434TEFp-HMGl/499) , GAPp-HMGl * Atfc£lf £ thX BTS1 * * 

-*^AT5<h, GGOH « 0.49 mgn&MZWt (St, 435GG & 434GAPp- 
HMGl/499)o tot, HMG-CoA MTC^it^t ^P-K'J >»^fi!c** 

^td. GAPp-BMGl §fAbfc YH1 (pRS434GAP-HMGl/ YPH499)£*t3£ 
<h LT> #fPJ?£&V*Tf£§gbfc ERG20-BTS1 m&titfctt HDEL 
Shim&Ft* TDH3&^7u^-?-GAIb(TnH3p)\Z&r)^mt£^tz£i*(D 

28 tl^1". 0 28 fc&l^T, 434GAPp-HMGl pRS434GAP-HMG 

l ^iAlfci^St. CrAFfr « TZWJJte^ote^^n^-^-T**. HDE 

-fr, £BG!FO.^KZMI^ai€ : ?*Xfca:D GGOH <D^ft^±bfco 

pRS435GGF ^ pRS435GGFHDEL fAl^TifT^ 0 ,¥^T^n^n 1. 
55 mg/L 1.50 mg/1 © GGOH £B£fEi&L£: (0"P, 435GGF & 434GAPp-H 
MGl/499, 435GGFHDEL & 434GAPp-HMGl/499)o 
(4-5) ±&®^mf£i&T<D7U~)l>7Jl^-)\'±M'B- 

#3§§H~efEi!tbfc GGOH £jg#re&<5 ERG20-BTSim&"&fc = $ L MA$£ 
£YM7(YM, pH7)i« i& YMO(YM7, 0.1% 7f* 7 —;VLG109, 1% soybean 
oil)igi&T 4H^6 7 0i&*b, ^Iz-^y^n-MII^S^l^fc. A451 ^ 
iWfiD«c& ! lt^i:Ufc<fc^«>*S*S0 29A, 29BfC^U YPH499 ^IfeCDtkSrlf^ 
tLtzt^om^m 30A, 30Bt^bfe. 12 29A, 29B fC&^T, AHl tt pR 
S434GAPp-HMGl/A451, GGFHDEL \t pRS435GGFHDEL ^~to T-ij \t 4 

BJ§g^©£M, r.2j a 7 H«*ft©^**^T. YMoi^m-e^SM 

»©fc«)«#*SafJfiSfc^bfco ri0*3 cell/ulJ ttlT'f^DiJ y b;v&fcD 

(DMUWl* iooo Tfilo 

pRS435GGF/ A451 te> YM7 7 H»«bfct#<D^M (0 29A, ± 

GGF/A451 -2) 0.26 mg/1 GGOH o fctfHcMU YMO 

*T«¥:«S0.98 mg/1 (Hl29B> ±/t*;KD GGF/A451 -2) t^M^mHUVrc. 
pRS434GAP-HMGl £ A451 C^ALfc AHl l?:iil"bfci:t*I: ! fe« P RS43 
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5GGFHDEL SlAlfci^H 2.5 mg/1 (DGGOK&tkMV (0 29B, 4» 
£i/WK GGFHDEL/AH 1 -2), i^T3.5 mg/1 <D GGOH SrfBliSbfc 11. 

435GGFHDEL <0^) o A451 W<D ERG9 CO^^n^E-^ — £ GAL1 

g?^Dt-^-Tfiibfc eug5 (mmmemm) zmsnzvtcm&'vb, P 

RS435GGF^A(CJ;D> YM7 7 0 f B 1i§*T¥^ 6.6 mg/1 GGOHT'^o 

tc%<Dtf (0 29A, T/^^© GGF/EUG5 -2). YMO mmx^mt^ 9- 
6 mg/1 CD GGOH ^^l^ £ 5 fcfco (0 29B> TA*)V<D GGF/EUG5 - 
2)o 

YMO mmz<k% GGOH ^ttlRl±« YPH499 ^©^^^^ Vtat^iZ 
t>tlil$ tl (0 30A, 30B), pRS435GGF ^lAbfc YPH499 £ YM7 T7 0fl 
i%mLtc.h%\Z¥-&l0.19 mgATfeofc&CD^ (@ 30A> ±rt*)V<D GGF/YPH 
499 -2)> YMO 2.5 mg/1 © GGOH £*Mbfc (0 30B, _hA°*;l/ 

CD GGF/YPH499 -2)o £6 ifMGi Z^m^if & YH1 pRS435GGF ^ p 
RS435GGFHDEL^SAbfcfc©^ YMOi§t&Tit^*r^«t, 7 0l§*^^^6> 
5.6 mg/1 CO GGOH ££gbfc (0 30B, 4» ffc/WKP GGF/YH1 -2, G 
GFHDEL/YH1 -2)o EUG5 tmmz IT YPH499 SfSUfc EUG12 W 
MM 6 mm) £?t3££L pRS435GGF^pRS435GGFHDELiiA*fc 
T3.7-4.0mgA@«C0GGOH*^bfeo fi^T, YPH499 WXfc. HMGl t. 
7U~)V—V>n&J&Bm : &&^£<Z)W.er J &T* GGOH (D&m&^&Mt&tbZ 

(i) ^^-om^omAisizs^m 

Scoyi/-;VT;V3-;v^^^5^^>§^smil-r^o #f-&T, btsi-erg20 

Zymo Research (Orange, CA) ^DlAtfc Frozen EZ yeast transformat 

ion ii kit ^m^xmmz^^ ^-<Dmx^n -dTz. 0 erg2o. BTsim^m.^ 

pRS435GGF. pRS435GGFHDEL ^rffi^fco ffilEt 
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LTA451> YPH499, AH1, YH1, EUG5, EUGl2^rfflV^c 0 tt, 
SGR ^i^-XCbtltttlttt^fllibfcWgii^^U- h_L 

f^»bfc»Rteift#*SGR»IR#ttTia**b, 0.01-0.05ml©fl&#3li££ 1 
-5ml © YM7 {C-en^tlJP^.. 18mm i©MtfT 30*0 > 130r.p.m.©atJII 

YM7 ig*t&CD$lfi&# (Glc £ Gal iOffi^Jt) <hbT, 0% 
Glc-100%GaL 20%Glc-80%GaL 50%Glc-50%Gah 75%Glc-25%GaL 100% 
Glc-0%Gal©mj&CD#ig:&£f£MU ©JSttfiT? £f 30*0, 130r.p.m.©a 

(2) 

(2-1) A451 © GGOH 3lM 

A451 £ pRS435GGF, pRS435GGFHDEL ^tAUfctfO GGOH £I£CD^ 
31A-C . GGOH <h A/ <H^ffi$ fco 

W&CDte, P RS435GGFHDEL/A451 * 4 BJ£*bfc:£ £3, 20% Glc 

X' GGOH (¥*$ 0.56mg/l) ^ tofcu 

(2-2) AH1 <D GGOH ±M 

AH1 pRS435GGF, pRS435GGFHDEL ^tA b t # <D GGOH 
JH:£0 32A-C K^fo BTS1-ERG20 M&feterf' AH1 GGOH 
^j£*tt,2-4 Hig*O^-a-«M^20%Glc GGOH 
<h&9 (3.32mg/l), 7 B «SI©#^ttSJ»!^# 50-80%Glc CD t * GGOH <Z>£ 
Mtf^lfctfcofc (¥*5 4.13mg/l). 

(2-3) EUG5 CD GGOH %M 

EUG5 £ P RS435GGF, pRS435GGFHDEL ^lAl/fctf© GGOH £^CD 
33A-C pRS435GGF &AtfcR# pRS435GGFHDEL m>AW(D 

(2-4) YPH499 CO GGOH £^ 

YPH499 pRS435GGF. pRS435GGFHDEL £#Abfc<i:#CD:/ U—)V7)l> 
U—)V^M(D^^m 34A-C \Z7F? . A451 §ffiVifctfftra«, 

84 



WO 02/053746 PCT/JP01/11214 

ggoh mzt/ummzntsLfr^fro 

(2-5) YH1 <D GGOH *kM 

YH1 \Z pRS435GGF, pRS435GGFHDEL ^Abfc t ^O^V=.)VT )Vn- 
;P^(D^^|il35A-C^-r o 7Hit«T«, Wffl&fc 100%Glc <Db.^\Z G 

(2-6) EUG12 <D GGOH ±M 

EUG12 £ pRS435GGF, pRS435GGFHDEL Ltc £ % V ~ 

3 6 A-C t^-r o M##20%Glc ©i^fC, ^ftl0« 

^ ^^^^-) Tfei^v^i/-;i,T;i/n-;KD^.f4§^ Lfeo pRS 

435GGF/EUG12 <D®M&Pf 20%G1c, 4 Hit»©^^«, OD 600 =1.1 ^ 

*BM$-r£ST&3cZ){;:;&U 7.6mg/l FOH> 5.4mg/l GGOH ©4itt^^ ofeo 

C^Jfe®! 12) pRS435GGF/YHlS^ 15-2 C^f -7 7 >^ -igft 
(1) pRS435GGF/YHl 
GGOH £±«££lTr3fc£K GGOH 5.6 mg/1 ^bfc P RS435 

ggf/yhi * cmmm io mm) ^t©^#t 

5% (YM ^ici%^;vzi-x^^ nT ^ D> ^il^6%fcft 

YM broth (Difco ®) 

3% (M^^T^SD 

0.1%T-x*/-;|/LGl09 (If^i) 

:£&*§t« : MSJ-U 10L^#gg (^/W^-x>^) 
«F*fifi : 5L 

: 33V 
MMm : 1 wm 
T^tr— ;>3 > : 300rpm 
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Proportional Band 1-00 

Non Sensitive Band 0.15 

Control Period 16 Sec 

Full Stroke 1 Sec 

Minimun Stroke 0 Sec 

P RS435GGF/YH1 #fc*l*T, 115 *M**«fc GGOH « 128 
mg/1 £^£-£3 - £^T^fc„ £CD£#**7W>(SQ)ttl5 mg/1, FOH « 5 
mg/L ^DUMV (NOH) 0 GGOH ©*«*«fcR#£ 

jgT**£ft*rS££j&*-e#fc (0 37) o 



(2) 15-2 

HJgtfil 7 KlBB*© 15-2 #c(pYHMG044 £&Jf "f 3 AURGG101 GSM-U 
RA(BIO101«)R^DOB(BIO10lK)*&fl6(200my500mi; , ?y 7MtH«7 5X 
□)tX7>h<t0lt^ 30<C, 130rpm"e2 HH««l/fc. 
Snt^5^3-7*^fc*< 3iiC>(1500rpn^ 5 3h 4'C)Rt^«60L 

fc^a^aticfcJ:**** 3 muDiEbfco .*-©», 50ml ©!&#*?*& jbv>t 

±I2(1) P RS35GGF/YH1 fc W«©*frT3?ir-7 >*-TWtb&. fc£ 

U fflVifcit%«£AT©^T^«26 , CT3§*Lfe 0 

YMB without Amino Acids (Difco IS) 
0.1%Tx*y~^LG109 (JB«^fcil) 

El ©8* 15-2 *&6tr>T, 150 «HW«««te GGOH * 3mg/l «± 
£<h/^Tr^fc 0 (0 38) O 
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p rs435ggf t prs435ggfhdel ^mAhtcmm^m^mBi^Mm tvxm 
mmm*j-^y~Jvy h/w^u^^-ya >swix^>^ny 

(1) /-1f>7PyhA-f^U^€->a> 
YPH499 pRS435GGF, pRS435GGFHDEL f:iAtfcai^> YH1 fc 
P RS435GGF, pRS435GGFHDEL ^ — tf>^P V 

ftlfctt 7 & 7 mm<D BTSl HMGl ^U-f&m^ 

fc 0 TUBl yn-^©tU ^ i7 U*9- H TUBlf-2 TUBlr-2 */B^T^ 
»J7 fcH*fcfMU RNA it, ;-*?yfUyY. A^^U^if— >3 

TUBlf-2: 5'-ACG GTAAGAAAT CCAAGC-3 1 (SB^J#-^ 119) 
TUBlr-2: 5'-TAT GAG TCG GCA CCC ACT-3' (BB?!IS# 120) 

^^Vi«BJfia*©RNAU->^;W TGGFJ tt pRS435GGF ^iAlfcfil^ 
E&ifc© RNAU">^;K THDELJ tt P RS435GGFHDEL S«AUfcfiiftA#ft* 
CDRNAit>^W THMG1J YH1 bfcfcJfc*#*#© RNA 

©it > (cio v^re w— m© * y -fe > & v -rna e nt & c. t **t> 
a**. ~?u-? erg2o. 7u-7BTsixmmmm^T^z>&mvs.i kb/t> 

F^m^nT43om^*fe^©^^ s »^<^^ nTV ^ J:lt ^^ bTV ^ 0 
yn-^ js»fiaoT?*asnfc 1.8 kb ©;t>ptt$v a*©*£SI erg2o^ 

T^MWtmX-ZnZe HMGl ©&*#£«* P RS434GAP-HMG1 

£&S^C#>SAbT&S* (YHlSm 0 39* IHMG1J XmhtcU-» 
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T fi4 T 4.i kb ^i©^77S HMGl^m®T'&Z RNA 

ERG20 *ZXt BTS1 ^-Pt*#U^H«C*iBJIICb It* <o TT 

fB©7^ym@B^j^it^^u^^F^^^t, cntttKti/TftS (f. 

M Ausubel * */. Ed, "Short Protocols in Molecular Biology, Fourth Edition" 
(1999) John Wiley & Sons, Inc., New York ^ t*0-^W^^^#^|B^) fc 
«oTT***#*fM^fc. TB^^Ftt 2mg *fl!V^ KLH (Keyhole 
Limpet Hemocyanin) £&<£UMC£ UTJ^fc. 

BTS1-C: NH2 Cys Tyr lie lie Asp His Leu Ser Glu Leu COOH (SH^J#^ 121) 
ERG20-C: NH2 Cys Leu Asn Lys Val Tyr Lys Arg Ser Lys COOH (i5^J#^ 
122) 

YPH499, pRS435F/YPH499, P RS435GGF/ YPH499, P RS435FGG/ YPH499, 
PRS435GGFHDEL/ YPH499, P RS435GGF/ YH1 © 6 6 5fc© «k 5 bT« 

snzmmv. ^^^n? ^wstrofc. a*** (yph 49 9 

KttSD«ll)OB(Hn^7^^:^3-^«*iit6W««) 

K r5/i*fcM«i*»i^ CSM 

SJPAfct)©). P RS435F/YPH499tCttSD-L (SD *tt*S Leu 
fcfc©) Jfttt* PRS435GGF/ YPH499 fc» SD-L**U P RS435FGG/ YPH499 
fctt SD-L *«L P RS435GGFHDEL/ YPH499 fctt SD-L P RS435GGF/ Y 

HlfcttSD-LW (SD««*^Leu, Irp fcR^fc*©) 

»tt (60** W«M*«eU li^It^i^ItMT'Mtfc 
*>©) 30«C, 130r.p-m.T4 BWSfc5**bfc. *&«*HV>T* 

ffim, tf *S£* 1 g fcfc D 2ml © Y-PER (PIERCE, Rockford, IL) U 

88 



WO 02/053746 PCT/JP01/11214 

SDS-^U 7^ U ;V7^ (SDS-PAGE : #Jdte Short Protocols in 

Molecular Biology, Fourth Edition (1999) John Wiley & Sons, Inc. , New York) 
T^HHlfcfcTfrltU ^iX^^n^yhS (Short Protocols in Molecular 
Biology, Fourth Edition (1999) John Wiley & Sons, Inc., New York) ~efl 

1) PVDF K©— 

PVDF Ktt, ' TBST10-1000 ft^J&Sfc^T 1 30-60 ftM-Wi* 

^mt±m(D^Zf9- Fffifc© TBST2000 ISffH^f&fpT 60 ^11. 

2) PVDFlR©ft^rt 

200ml <D TBST ^IT 15 #M?*0 4 IMI^^o 
3fc&&» 80ml <£> TBST 5 frPelT^ 5 HISfci$. 

3) pvdfH©-^:^MS 

J^jSTtttftlgQ (H+L) m'J7*X77^- tf3>^-h*^n*; 
^>^JgJTT? 200-2000 «£*&&U PVDFBi^Sb 30-60 ^11. 

Bfc£&«, PVDF E&trL^^^ IgG (H+L) 7WJ7tX77^-^© 
TBST4000 tSt, 30 ^11. 

4) ttRieROAVPtffitt 

fefe-CU TBST. TBS T^fc^Lfc PVDF M£ BCIP(4-bromo-4choro-3indoil 
-phospate), NBT (nitro blue tetrazolium) MWtZ. 30 ftffiWfe U $£&o 

TBST, TBS -Cffi&Vtc PVDFJSI& ProtoBlot H AP System with 
Stabilized Substrate • Mouse fiSf ft (Promega, Madison, WI) \Z 20-40 L/ , 

7i7^>7D7 b»«fO«S**Bl40^*r. El 40 * TMJ ^fl^-A 

- , r f j r ggf j r fgg j r ggfhdel j r ggf/yhi j « n ^ n 

r P RS435F/YPH499 J T P RS435GGF/YPH499 J r pRS435FGG/YPH499 J 
r p RS435GGFHDEIVYPH499J r p RS435GGF/YHU ft3fe©ge«£«SC&Kj V 
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^ m 79kDa ®«*3*ft cggf, fog*** ggphdel) fctts-r*#u 

PRS435GGF, pRS435GGFHDEL ti^UfcW^K*V^ 

32»i fpp ^^^-ggps 

*a**.«BT? » £3— tlfc GGPP Hr^HiH »* 

P RS435FSA1* TFJ) T?tt£BflaO««3-F'r** l J^^P**tt 1 

i-^ERG20-C^^#^i^^ 

(^40kDa) ^tiei©^i»^' C, '^^^ $n + 
l=^tiUfc«0^>H)^ P RS435GGF iAtt TGGFJ) 
P RS435GGFHDEL (l/-> rGGFHDELJ) #X*Ttt»«eK (GOP * * 
IKGGFHDEL) U H^BStlfc (H + eS£*nftT^Ufc 

79 kD a^<r^i^ 

*A*-c»fibTv^T?*5 5»^*ew*aJ*nTv^v^, tnta fpp 

C GGPP ^fifc#**»*^TV>Sfc«>, FPP 

C ERG20-C * < WWSWIftft*^ - 4: 

45kDa ©;t>Htt, #»»WK*lflSnfc»e*fc^a*n, 40kDa *i®A' 
> H |4, *M* Jlti fc« ffl S nfc 9 a « * ft Rfc ERG20 fcfcW n-HT^T^y 

CUSfe®) 14) HMG-CoAaTcBJMfi** GaF^afi^t****** 

fc£.c*<D GGOH £S 
HMG-CaA«7n#*»^t, GGPP ^^#^-FPP *jW*»*«a**e 
J7»i-JaW^»*!iW©»a**^ n ^ YPH499 (ATCC76625, 
MATaura3.52lys2-S01ade2.101 trpl A 63 his3& 200 leu2k l) &*<D«n?*>I 
ittf)KWffl& GGOH ttm6n«*25**«t*fc»K, KT©** 
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«£fcjBV>T P RS434GAP-HMG1 £ pRS435GGF t pRS435GGFHDEL ZMX. 

INVScl {MATalMATa ura3-52/ura3-52 trp 1-289 ftrp 1-289 his3A llhis3L 1 
Ieu2lleu2) 

YPH500 (ATCC76626, MAT a ura3-52 Jys2-801 ade2-101 trplA63 his3A 
200 Jeu2A l) 

YPH501 (ATCC76627, MATa/MAT a ura3-52/ura3-52 lys2-8Ql/lys 2-801 
ade2-l0l/ade2-Wl trpl A 63/trpl- A 63 his3A 200/ his3A 200 leu2A l/leu2A l) 

W303-1A (ATCC208352, M4ra 7ew^-3 7eu£-112 A/s«?-ll ^5-1 *rpl- 

1 cani-100) 

W303-1B (ATCC208353, MAT a Jeu2-S leu2-112 his3-\\ ade2-\ ura3-\ 
trpl-1 canl-100) 

INVScl, YPH500, YPH501, W303-1A, W303-1B \Z P RS434GAP-HMG1 
^iXUfcft^^Wn, IHl, YH2, YH3> WH1, WH2 tl/L IH1, 
YH2, YH3, WH1, WH2 ^W^t b pRS435GGF £3*AU GGF/IH1* GGF/YH2, 
GGF/YH3 GGF/WH1, GGF/WH2 P RS435GGFHDEL £3$Ab, 

HDEL/IH1, HDEL /YH2> HDEL/YH3, HDEL/WH1, HDEL/WH2 
#6nfcfi»*#* YPD07rich «it@il^W^TJ^-^tt§It 

0*T 100mg/l «±© GGOH *4*l/T*D, 4*fc HDEL/YH2 
189mgA <0 GGOH ^^Ebfco 

(mm i5] hmg-co a mTtmmmm^-t oopiiMWi:©***** 

prototroph RtX-^<*^bfe<i:#(D GGOH £S 

GGOH £K*T** GGF/YH1 ftfe tfc,*«*tt©Mt***M*« 
^^i^ilfi^li^' * YPH500 &*$c£^2i£M^«#tfc 
(prototroph ; **fcWft©»*3Wlt*ana:<Tfeit«Tf***) 
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ithtz. GGF/YH3-AHKU &£TfB<Z>£ 5 fc ITf^ibfe. 

(1) GGF/YH1 ^<D HIS3. ADE2MXts YPH500 'xtf) LYS2. URA3 

mx 

mmmm mi t t?«» ufc p rs403gap k u hiss-l (5- ttt 

TAA GAG CTT GGT GAG CGC 3' (I3^J#^ 123) ) t HIS3-R(5' TCG AGT TCA 
AG A GAA AAA AAA 3' <E2ffl#* 124)) * U * V** H *T/?-f T-DNA 
fcJB V^T^CDck 5 PCR £fxV> iZZS<? ©r)t£ Si S£Lfco 



O.lMg/L HMDNA 
lOOpmol ^"f*?— DNA 1 
lOOpmol :/5K^-DNA 2 
lOxPyrobest A'y7 7- 

2mM dNTPmix 

5u/ M L Pyrobest DNA # U * 7 — £ 0.5 M L 



1 ML 

1 ML 

1 JLtL 

10 ML 

8 ML 



H 2 0 



78.5 ML 



nmzVX. PvuII t Xhol TTJlMfcUfc pRS406GAP *»fflfcfflV», URA3-L 
(5- TTC AAT TCA TCA TTT TTT TTT 3* (E#I## 125) ) t URA3-R (5' GGG 
TAA TAA CTG ATA TAA TTA 3' (IS?!I#-^ 126)) L^iZf^-i "7-DNA ICBJV* 

A451 ? J A DNA U ADE-1 (5' ATG GAT TCT AGAACAGTT GGT 

3- ffimtt 127) ) t ADE-2 ( 5' TTA CTT GTT TTC TAG ATA AGC 3' (SB 
#1#^128)) *U^^l/*^F*^7-f*7-DNAfc^Vi, Sfctt* LYS-1 (5' 
ATG ACT AAC GAAAAG GTC TGG 3' (iH^J#^ 129)) t LYS-2 (5' TTA AGC 
TGC TGC GGA GCT TCC 3' (@H^J#^ 130)) tU3^^I/tf h^^7^f7 

-dna \zm^xmmoR^^ADj^m^^ij^m^m»vft. m 

UVtc fflSSmftt ADE2%K?t P RS435GGF/YH1 fcWJfcJSAU tXf^> 

^;V*S*tt**Saii: LT^Lfc YPH500-KU &ftfc. 
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(2) 

pRS435GGF/YHl-AH t YPH500-KU £ YM *Sn? SO^CT*** DOB(drop 

(1.6g H^X^X, 0.6g #U^7 h>, 100 mL 20% &)VZ1 — X, 4g ^/ 1L) 
±T?**«* JBW^yU-h** (2g*»*Uf A.0.2g IN3X**,500 £t 
L20% 4W3-X,4g *5c/lL) ±T?»*«*«««*KlcfcDfi : P»l«**Bb 
fc.*/h*»T?**DOB y h±T^Wra EtKl «fc DK**#(prototroph> 

te£*ilgu B^»riS#»±Trtt : f»*t-*c:tfc«kt)— (diploid) fb£fi£ 

%ir1t9U — > £ GGF/YH3-AHKU ilfe. 

CHSS01] 16) Fed-Batch igfilC<£ 3 GGOH £M(1) 
GGF/YH3-AHKU«r^T©^#T^xFA-/^ (Fed-Batch) «F«U GGOH 

(1) ^Uv'-K 

*iW»taT©lD. ##X^FX 5g/L, ^fl+X 5g/L, A'^h^b> 
lOg/L, 5g/L„ 

tttt® P H tt*i»tUfc. 500ral 50ml 9 

120<CT 20min ^®Ufeo X^>hJ:»3 OGF/YH8-AHKU*-e«tt*»D, 
3CC, 120ipmTft*«£5**bfc. ««tt24WPMfcbfc. OD (26 
562nm) & 0.4 £3ib&o 

(2) 

*&flSi8lJ*tt£ATOS?). 20g/L, 3.M m&MW&^ftW 310mg/L 

(ttiitUT) , KH 2 P0 4 3g/L, MgS0 4 0.5g/L, iSltT^-tfA 5g/L, 

CaCl 2 0.5g/L, ffiftffll O.lml/L. H* + 63g/L T*S»^ li 

SftGD^Jni^ftte: 4.9ml/L 

93 



PCT/JPOl/11214 

WO 02/053746 

t>&rz.'&, 120 < CT20min$:Mbfco 

mmz\Z, l'Jyb^^t-Mtfc. 300ml :/W>- 
H«a#U3.-Att0.06-lmliUfc. ^l/i/-FftJi«-r«t»fc, **OpH 
£ 5.5 K-^fr-frfco S^ite l/2wm iU i&J£tt SOtJfclfcjebfc. pH « 5.5 
7>^7tn>bO-Jl/Ufc. jf#te 500rpmTX^" h U }&#MSt (DO) 
>20Xfcft*J:5fc*xy- H«**ffofc. PH *J±#bfeWPj*T?'>-H*iE 
Tbfeo OD (51«#3R, 562nm) tt 0.18-0.2 «J5ibfco ?3:&®ftWim\Z. 

matt* ioo%tUTlFaibfcffi"e*s. 



(3) 

20%, 30%> 20%O^*^> r ^>'VT^yb^o 3->7f^-yU*- (CSL) 
S«rtftT?pH *2.0Kl»t>ii:fe«, SO'CT-WfW. ^fcfr^fc. *fc^Jn«« 
tt!M*«»PfcU CSL 31.4g/L£ofc. Jcn^n 120X1, 

20min *CMf b U £*iiE b * "fe fctt A b fee 

* 12 





mm. 






2tfi 


AK 


MgS0 4 


1.7 gA 


B K 


3g/l 


KH,P0 4 


lOerA 




CSL 


2.3g/l 






0.26mlA 


CIS 


H 2 S0 4 


pH = 2.0 






80^ x 60 min 




CaCl 2 


0.7 gA 





*&*£«1 U7 h;P*5^5?V-*«fflbfc.-10X^-FT, 300ml 3«93A#- 
llt^I® pH « 2.6 ggTS o fe0T, $/-FJ*«tfrtepH&±lffc. 
I^(n/2wm, MHasOlCfcU P H«5.5 l:7>^7tWbfc, ft*tt 
500rpm «k 0 h U DO>20% <D* M~ F W&fro fc 0 -X7-f 
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fc 0 S.Bml/hr, » 5.8g/l/hr DG>20Xfc«fP 

mm 20 ftM*C ^ << - H RJ»J&*«! A3 *U C © Bf <D?U3i OD (101 ffif 562nm) 
te0.9~1.0^&ofco 



(4) JMSfettfcW 

X* /-^©GGOHM^^^fil^^T^bfc. 

400g/l©X^/-;V £ 500gA<D^;W3-7.^ m#2) 4 - 

FUfeo 36fcK»l©X^/-/l'**t^2©^V3-^* 1:1 

l.Og/l £JlTtt§^5, «Efc£9iSEL;fc. 
GGOH H«t*£^ 13 C^to X* 7 -M**IiUt7>f - H-r* C £ Rl«k 
oT> GGOH ^3«/WJnT 5 £ £ 91 L . 

* 13 





GGOH^fil* (g/1) 




1. 16 


K#2 


0. 47 


E#3 


0. 58 



17) Fed-Batch mmiZ&Z GGOH£g(2) 
200ml ©DOB (dropout base) >f)Vn-7.%L'p1%t& (Q-BIOgene, Carlsbad, 
CA) tC GGF/YH3-AHKU ft^lS^ 30X:, 3 BM@««§lbfc. 3felC* 0.09% 
0.075% KH 2 PC> 0.14% 1***7^* A, 0.45% «7>^ 
5.4% 3->7>f-f^ l J*- 0.031% ^b^^v-^A. 0.15% Tfts 
y-;l/LG109 0B*fc) ^^^3.35L®it«fi (7 >^X77KT* pH5.5 fcWSEb 
T£<) ££M£MLOT©#Hrm*£fTofco JSattt, Ay^ (Jarl, Jar 2, 

Jar3) Tfrofc* 
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igmmU : MSJ-U2W (10L 77-^>H SC-RiS^ 

: 33*0 
: 0.74 vvm 
if : 900 rpm 

pH5.5 (4N*K'fc^-hU^A«flStt2NaE»*»tTil«E) 

4 ISM**©*, 40% £f;v:a-X*tt©:7>f-HfcM*fibfc. 21 s#M*** 

Jai2«7-f-FjK*40% ^;V3-X> 3.3% K^T >^-tf A^WzW 0 
JarSKi^-F?** 1.65%f^mT> ; &^^A, 50%X^y-;K 20% 4^ 3-* 

s&fc*n*ii*^fc- ai3i:**«t**i««fctfe#^oy^-;v 

^5i5t:7^-FV-h^iIbfc (S*i8.7g/h) 0 

ffiTf^ajit^snfc i4). ^n-x^jp^T, x^y-;v, mnr> 

^ — ^A*7>T — H-TSJltJCtt) # CO GGOH tt 2.5g/l fclbfe. 

^ 14 



mmmm (w 


0 


21 


45 


69 


93 


117 


165 


FOH (mg/Q 


0.0 


2.0 


1.0 


8.0 


19 


24 


23 


GGOH (mg/L) 


0.0 


27 


35 


190 


660 


840 


890 


OD600 


0.0 


52 


86 


93 


120 


120 


110 


Jar2 (^-Kj*:40%$OUa- 


-x. 3.3% m 












0 


21 


45 


69 


93 


117 


165 


FOH (mg/U 


0.0 


1.0 


1.0 


1.0 


0.3 


0.8 


5.0 


GGOH (mg/L) 


0.0 


26 


56 


120 


37 


100 


710 


OD600 


0.0 


49 


91 


120 


120 


120 


170 


Jar3 (7*-K*:2W 4fJI,=i 


— X. 1.65% 




•;u) 




JS^BSPbI (h) 


0 


21 


45 


69 


93 


117 


165 


FOH (mg/L) 


0.0 


2.0 


4.0 


17 


33 


38 


77 


GGOH (mg/L) 


0.0 


30 


210 


550 


830 


1000 


2500 


OD600 


0.0 


63 


160 


160 


120 


140 


120 
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mm±<Dmm<D*imm 

BB^!J#-^25~120: £-J5fc DNA 

mmmn 121: -^^^ h 

gB#l## 123~130: DNA 
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dna xi^VA-f yj-w- vm dna m^\zmxhxum^^ 

m*. DNAXSy/A^ >T-tfU~ hm DNA k H U^-is ^^frs? fr? ij 
^-CoAMTC^^it^X^-ecD^mMji^^^ty, ^glJBMx. DNA X 

i^DNAX^VA-r>f^I/- DNA -iV^>^-)l~V >^A 
V*^— fefjtfc^^tK fg5i>fM$l*- DNA J k.^y'TtfV- h 

ffl DNA ^^#AbT^^#:^^Mb, bfc^ 

(b) ^~;t^f7-;>-u >^^m«^^b< «oD^MMjtfe^ 

( C ) y t )v**s)\,-y >m&j$Bmmfc^v < te^vmmmmfc^t, f 

(d) ±fH(a)^L.<«(b)©jt^X«(c)<Z)^^3l^{^ His Asp 
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oiu Leu t s- j mmm * 3 - h t * * * p mvmmv s n 

TO, MliADNAX}^7A-<>T^l/-MDNA§, «-fefc*A 
UTft**#tff«^» K»**.#***L-fc** #6^****6^5 

~0)^6A6»*&3iiR«n*^irn^©3ie : P*w- »sjB»m*. dna 
(e> ^y^>T^ , J>iA--f tfate^? 

(f) ^/^n>m^-t— tffltfc^ 

( g ) r-fe^;wcoAT-fe^>'Vh^>^7^^ - ^^ 

(h) fc Fn^^fl^V^U^-CoA^JfcSaftfir? 

(i) //tD>U >^^7— ifjtfo^ 

10. y7^7^t-;W S/ >^< £ 1> 0.05mg/l 3 ~ 9 © 

vi-rn^ 8bs#&. 

11. lg^*s»#Xtt^li«T?»*8f 1 -10 ©v>T *ifrfciBi&©££i£#&- 

12. iWty^OT^t^ • «feHf^XT?**l»*^lliaJtt©fi^^- 

13. ^*D^«-tHf'>X^ t'^D^ "feX "feHf^XA451«5, 
YPH499*, YPH500^, W303-1A tfc^L < \t W303-1B WX\*Zn & 
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(b) y^-;i/y^n;i/-u >*£ft»»^*L<tt*<DMM€rf 

(d) ±|B(a)^b<«(b)CDB^X«(c)G>m^5ta : ?^, S&fc His Asp 
Glu LeuT^n^T^y MBB?!I £ 3 - H t % X 9 V** H IB^WttJO $ n 

15. fca^n^*-^— ADHl^U^e— $ — , TDH3 {GAP) ^nt-^- 
TEF2^U=E—^—. GAL1 ^Dt-^-^ tac^U^— 9— bfeZWEfr 

satfns^f na^feoT&aw^ 14 fB«©&8ML dna. 

DNAo 

17. 14-16 ©V>1*ftj&>fcgBSs©fftife7L DNA £1&£fcl#AbTfc£S&ife 

18. 1&^»*X>4*MTr**ai*9ll7lB*©aJft*.^- 

19. ff^f-y^nY'ftX • irl'tfv'XT&£if3fc^ 18 IBfc©&BJl*.#- 

20. D-y*D^t^ -tl/tyl^ D-y*n7-ftX • *fe W tf->X A451 tfc, 
YPH499J*. YPH500*. W303-1A *5fc^b < W303-1B tfcXte dtl 6> £E& 

3fer^^*sai^ 19 isifc©*^*.*. 

21. is-20 ©^*rn# 

22. -^#:^flSTfe^>»^ 18~20 ©V*fna>K:Effc©&Jfe*.#o 

23. 'HS#*Blfi'^**8** : ® 18~20 ©^*l7W£f2«fc©MlX- 
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a) m 

(ii) 7)Vn— )V 

(iii) y>=E-7^7,, T > : E-T*X.tfXU7 ^"^Al 

av) TKm^h'j^At^mtom^ 

(v) KH 2 P0 4 , ^mvif^v^A, ^MT>^-^A, n->7.^J-y°V 

(vi) ±IB(i)-(v) <Do% 2m£k±<D?B&m 

25. ^T©(i), (ii)^b< \t(iii)(Dmftx\zz.niz>(D 2 m&±<DM&m*'£&m 
(i> m 

(ii) 

(iii) yy^E-y^T,, 7>^-T7K&zXmy >^-^Aii: 

26. ^«H^12 - 24mm&-C(Dy4- Fmtip<D0kmm&fr%:tf)l^ — X<D& 

.28. it«p^MMi2 - 24mmmj&mz£>tfz>y j - Fm<Dmmmmft&jL?y- 

29. ^«#>^t#«-r^^i/^;PT;^3-;i/©^^7a:< tt> 0.1 g /i£UiT 

%>%>mam 24$^m<Dmm^m 0 
zmxm 24 tmoimmjj&o 

31. yi/-;V7;i/n-;v^y^-;vy^z:^-;i/T^^it^]S24l2«CD@ii^ 

32. m£mmm^&%mmm24mn<Dmm]jm 0 
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33. IW'^nY'ftX • tkk'yXTSI)^! 32 IBS^MB^^o 

34. 1^y*D7'f'k^-tl/k'^X^ ItyAD^tX • -fel/tf^X A451 
7PH499^ YPH500*fc> W303-1A **L/ < tt W303-1B HOU*;! n & E& 
**rS»T»Sa»^ 33 ffi«©S5&2m. 

35. ^%^m^^^T*^W^24f3m©^^^o 

36. a&si*.-*^ ^ ;t n § b < ®^sis^, x« 

B&WiiJte^u < tt-tfiDSBftSJifi?^ fe^ty, ffcsiflm**. dna x«$v 
35fEm©^5t^o 

38. f^D-yjIlD^W • •felxH^XTfa&^lt^ 36 Xte 37 BB«fe©^B 

39. u-y*nT-f irx -tl/t'S/x^ n Y^-feX • -teUfS/x A451 «c, 

YPH499}*. YPH500«U W303-lA«t«l/ < « W303-1B ftXil^n^ 

40. ^AD>»»KHit«e^^fc Hn+^^^;^;^u;p-CoA»7c»*jt 

36 Xtt 37 jE*©84i6:£i*. 

41. t FO^^^^V^V^UJlz-CoAJSTcBISiaieW iZMGI jtfc^~e£>£ 
»#3U0iBI*©Sjft:#8t. 

36 Xte 37 C*©«?S^rfe. 

(b) ^7XM7XJI/ZU >M^#*me^L<te^©^MMit^? 

(c) 7rM->^'J >m^j»*Mr?eb < fe^vmmmmtef-t* ? 
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(d) _hf2(a)^L< «(b)©3t^X«(c)0)S3l^3lfe^fc, 2 "b K: His Asp 
Glu Leu Tjfc£tl3 7^ 7 HfS^ ^ l/xJ-fP KBB^ttflnSft 

43. «^«^IR**#:*lcT*SBI^24gB«©«jg^. 

44. «^«3^-«#:|DJBT**l»^a24E«©«]e^tt. 

45. ***3^«*tl#*^^— ffiF#IBjaT**Wf*5i 24 IBm©^3i^^o 

46. t£i& s pH Mfp-r £ £ t s #m t *r & at ^ 24 15m © mb^^o 

47. P H»^ 7>^^A^X, T^-^AIKS^ 7j<fftthU^A^ 
. MX(«M^fflViTff-5 ! fe©T$.^W^46fe«fe(^M^^o 
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m 1 



GGOH M GGPP 




FOH 



(VK) 



1 
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/// 

K 



PL, 
OO 

OO 





u 



J 



CO Tj" CD CN CO i— O CM CM CO 
CMTMOCOr^ CO O t- CM CO 
OOOOO O t~ t— i— i— 

<<<<< <<<<< 



< 

CM 



CM 
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m 3 



BsmBl 51 



BsmBl 4785 



Swal 4241 

P/»/I4218 
PmaCI 4218 
PpuUl 4205 



£/>/U 3823 
Scd 3765 



Earn 11051 3282 




NI 2805 



Bb/H 262 

S/?aBI317 p^a CI 425 
P/77/I 425 
tfsfl 1071 432 
Xbal 551 

I 607 
FcoRV 750 
EsiXI 758 
Ssgl 859 
Hin dill 980 
SMI 1010 

Dralll 1460 
M?el 1566 
Ngo MI 1566 

FssHII 1860 
Acd65l 1894 
A/v? 1 1894 
Apal 1900 
£sp120I 1900 
Xral 1909 
PaeR7I 1909 
7/oI 1909 
Sa/l 1915 
EspDI 1924 
C/al 1924 
Hin dill 1930 
£ct>RV 1936 
EcoRl 1942 
Psd 1948 
Aval 1954 
S/nal 1954 
A/773 I 1954 
Ea/nHI 1960 
Spel 1 966 
Xbal 1972 
M>f I 1978 
£c<?521 1979 
Bs&l 1985 
Sadl 1988 
£c/136II 1996 
Sad 1996 
tfssHII 2033 
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GGATCCTCTA GCTCCCTAAC ATGTAGGTGG CGGAGGGGAG ATATACAATA GAACAGATAC CAGACAAGAC 
CCTAGGAGAT CGAGGGATTG TACATCCACC GCCTCCCCTC TATATGTTAT CTTGTCTATG GTCTGTTCTG 
10 20 30 40 50 oO. fO 

ATAATfiGGCT AAACAAGACT ACACCAATTA CACTGCCTCA TTGATGGTGG TACATAACGA ACTAATACTG 
TATTACCCGA TTTGTTCTGA TGTGGTTAAT GTGACGGAGT AACTACCACC ATGTATTGCT TGATTATGA 
80 90 100 110 120 130 140 

tagffftaga cttgatagcc atcatcatat cgaagtttca ctaccctttt tccatttgcc atctattgaa 
ItSatct gaactatcgg tagtagtata gcttcaaagt gatgggaaaa aggtaaacgg tagataactt 

150 160 170 180 190 200 £l\) 

rTAATAATAG GfGrATGCAA CTTCTTTTCT TTTTTTTTCT TTTCTCTCTC CCCCGTTGTT GTCTCACCAT 
CATTATTATC CGCGTACGTT GAAGAAAAGA AAAAAAAAGA AAAGAGAGAG GGGGCAACAA CAGAGTGGTA 
220 230 240 250 260 270 Z80 

iTrrnTAATR APAAAAAAAT GATGGAAGAC ACTAAAGGAA AAAATTAACG ACAAAGACAG CACCAACAGA 
TAGGCGTTAC TGnTTTTTA CTACCTTCTG TGATTTCCTT TTTTAATTGC TGTTTCTGTC GTGGTTGTCT 
290 300 310 320 330 340 dbU 

TGTCGTTGTT CCAGAGCTGA TGAGGGGTAT CTCGAAGCAC ACGAAACTTT TTCCTTCCTT CATTCACGCA 
ACAGCAACAA GGTCTCGACT ACTCCCCATA GAGCTTCGTG TGCTTTGAAA AAGGAAGGAA GTAAGTGCGT 
360 370 380 390 400 410 4/U 

f AfTACTCTC TAATGAGCAA CGGTATACGG CCTTCCHCC AGTTACTTGA ATTTGAAATA MAAAAGTTT 
GTGATGAGAG ATTACTCGTT GCCATATGCC GGAAGGAAGG TCAATGAACT TAAACTTTAT TTTTTTCAAA 
430 440 450 460 47U 48U 43u 

rrTfTrTTfr TATf A&GTAT AAATAGACCT GCAATTATTA ATCTTTTGTT TCCTCGTCAT TGTTCTCGTT 
CGACAGAACG ATAGTTCATA TTTATCTGGA CGTTAATAAT TAGAAAACAA AGGAGCAGTA ACAAGAGCAA 
500 510 520 530 540 550 560 

CCCTTTCTTC CTTGTTTCTT TTTCTGCACA ATATTTCAAG CTATACCAAG CATACAATCA ACTGGTACCC 
GGGAAAGAAG GAACAAAGM AAAGACGTGT TATAAAGTTC GATATGGTTC GTATGTTAGT TGACCATGGG 
570 580 590 600 610 620 bdU 

rrrTrr . rTr rArrTCTAGA GGTTAACTAA GCGAATTTCT TATGATTTAT GATTTTTATT ATTAAATAAG 

ccSgctSg ctcgagatct ccaattgatt cgcttaaaga atactaaata ctaaaaataa taatttattc 

640 650 660 670 680 690 (UU 

TTATAAAAAA aataagtgta tacaaatttt aaagtgactc ttagghtta aaacgaaaat tcttattctt 

AATATTTTTT TTATTCACAT ATGTTTAAAA TTTCACTGAG AATCCAAAAT TTTGCTTTTA AGAATAAGAA 
710 720 730 740 750 760 (lU 

GAGTAACTCT TTCCTGTAGG TCAGGTTGCT TTCTCAGGTA TAGCATGAGG TCGCTCTTAT TGACCACATC 
CTCATTGAGA AAGGACATCC AGTCCAACGA AAGAGTCCAT ATCGTACTCC AGCGAGAATA ACTGGTGTAG 
780 790 800 810 820 830 84U 

TCTACCGGCA TGCCGAGCAA ATGCCTGCAA ATCGCTCCCC ATTTCACCCA ATTGTAGATA TGCTAACTCC 
AGATGGCCGT ACGGCTCGTT TACGGACGTT TAGCGAGGGG TAAAGTGGGT TAACATCTAT ACGATTGAGG 
850 860 870 880 890 900 910 

AGCAATGAGT TGATGAATCT CGGTGTGTAT TTTATGTCCT CAGAGGACAA CACCTGTTGT AATCGTTCTT 
TCGTTACTCA ACTACTTAGA GCCACACATA AAATACAGGA GTCTCCTGTT GTGGACAACA TTAGCAAGAA 
920 930 940 950 960 970 980 
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SEQUENCE LISTING 
<110> TOYOTA JIDOSHA KABUSHIKI KAISHA 

<120> A method of producing prenylalcohol 

<130> PH-1413-PCT 

<150> JP2000-403067 
<151> 2000-12-28 

<160> 130 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 1059 
<212> DNA 

<213> Saccharomyces cerevisiae 

<220> 

<221> CDS 

<222> (1).. (1056) 

<400> 1 

atg get tea gaa aaa gaa att agg aga gag aga ttc ttg aac gtt ttc 48 

Met Ala Ser Glu Lys Glu lie Arg Arg Glu Arg Phe Leu Asn Val Phe 
15 10 15 

1/157 



WO 02/053746 



PCT/JPO 1/11214 



cct aaa tta gta gag gaa ttg aac gca teg ctt ttg get tac ggt atg 96 
Pro Lys Leu Val Glu Glu Leu Asn Ala Ser Leu Leu Ala Tyr Gly Met 
20 25 30 

cct aag gaa gca tgt gac tgg tat gec cac tea ttg aac tac aac act 144 
Pro Lys Glu Ala Cys Asp Trp Tyr Ala His Ser Leu Asn Tyr Asn Thr 
35 40 45 

cca ggc ggt aag eta aat aga ggt ttg tec gtt gtg gac acg tat get 192 
Pro Gly Gly Lys Leu Asn Arg Gly Leu Ser Val Val Asp Thr Tyr Ala 
50 55 60 

att etc tec aac aag acc gtt gaa caa ttg ggg caa gaa gaa tac gaa 240 
He Leu Ser Asn Lys Thr Val Glu Gin Leu Gly Gin Glu Glu Tyr Glu 
65 70 75 80 

aag gtt gec att eta ggt tgg tgc att gag ttg ttg cag get tac ttc 288 
Lys Val Ala He Leu Gly Trp Cys He Glu Leu Leu Gin Ala Tyr Phe 

85 90 95 

ttg gtc gec gat gat atg atg gac aag tec att acc aga aga ggc caa 336 
Leu Val Ala Asp Asp Met Met Asp Lys Ser He Thr Arg Arg Gly Gin 
100 105 110 

cca tgt tgg tac aag gtt cct gaa gtt ggg gaa att gec ate aat gac 384 
Pro Cys Trp Tyr Lys Val Pro Glu Val Gly Glu lie Ala lie Asn Asp 
115 120 125 



gca ttc atg tta gag get get ate tac aag ctt ttg aaa tct cac ttc 432 

2/157 
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Ala Phe Met Leu Glu Ala Ala He Tyr Lys Leu Leu Lys Ser His Phe 
130 135 140 



aga aac gaa aaa tac tac ata gat ate acc gaa ttg ttc cat gag gtc 480 
Arg Asn Glu Lys Tyr Tyr lie Asp lie Thr Glu Leu Phe His Glu Val 
145 150 155 160 

acc ttc caa acc gaa ttg ggc caa ttg atg gac tta ate act gca cct 528 
Thr Phe Gin Thr Glu Leu Gly Gin Leu Met Asp Leu He Thr Ala Pro 
165 170 175 

gaa gac aaa gtc gac ttg agt aag ttc tec eta aag aag cac tec ttc 576 
Glu Asp Lys Val Asp Leu Ser Lys Phe Ser Leu Lys Lys His Ser Phe 
180 185 190 

ata gtt act ttc aag act get tac tat tct ttc tac ttg cct gtc gca 624 
He Val Thr Phe Lys Thr Ala Tyr Tyr Ser Phe Tyr Leu Pro Val Ala 
195 200 205 

ttg gee atg tac gtt gee ggt ate acg gat gaa aag gat ttg aaa caa 672 
Leu Ala Met Tyr Val Ala Gly He Thr Asp Glu Lys Asp Leu Lys Gin 
210 215 220 

gee aga gat gtc ttg att cca ttg ggt gaa tac ttc caa att caa gat 720 
Ala Arg Asp Val Leu lie Pro Leu Gly Glu Tyr Phe Gin lie Gin Asp 
225 230 235 240 

gac tac tta gac tgc ttc ggt acc cca gaa cag ate ggt aag ate ggt 768 
Asp Tyr Leu Asp Cys Phe Gly Thr Pro Glu Gin lie Gly Lys He Gly 
245 250 255 
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aca gat ate caa gat aac aaa tgt tct tgg gta ate aac aag gca ttg 
Thr Asp lie Gin Asp Asn Lys Cys Ser Trp Val He Asn Lys Ala Leu 
260 265 270 



816 



gaa ctt get tec gca gaa caa aga aag act tta gac gaa aat tac ggt 
Glu Leu Ala Ser Ala Glu Gin Arg Lys Thr Leu Asp Glu Asn Tyr Gly 
275 280 285 



864 



aag aag gac tea gtc gca gaa gee aaa tgc aaa aag att ttc aat gac 
Lys Lys Asp Ser Val Ala Glu Ala Lys Cys Lys Lys lie Phe Asn Asp 
290 295 300 



912 



ttg aaa att gaa cag eta tac cac gaa tat gaa gag tct att gee aag 
Leu Lys He Glu Gin Leu Tyr His Glu Tyr Glu Glu Ser He Ala Lys 
305 310 315 320 



960 



gat ttg aag gee aaa att tct cag gtc gat gag tct cgt ggc ttc aaa 
Asp Leu Lys Ala Lys lie Ser Gin Val Asp Glu Ser Arg Gly Phe Lys 
325 330 335 



1008 



get gat gtc tta act gcg ttc ttg aac aaa gtt tac aag aga age aaa 
Ala Asp Val Leu Thr Ala Phe Leu Asn Lys Val Tyr Lys Arg Ser Lys 
340 345 350 



1056 



tag 



1059 



<210> 2 
<211> 352 
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WO 02/053746 

<212> PET 

<213> Saccharomyces cerevisiae 



PCT/JP01/11214 



<400> 2 

Met Ala Ser Glu Lys Glu He Arg Arg Glu Arg Phe Leu Asn Val Phe 
15 10 15 

Pro Lys Leu Val Glu Glu Leu Asn Ala Ser Leu Leu Ala Tyr Gly Met 
20 25 30 

Pro Lys Glu Ala Cys Asp Trp Tyr Ala His Ser Leu Asn Tyr Asn Thr 
35 40 45 

Pro Gly Gly Lys Leu Asn Arg Gly Leu Ser Val Val Asp Thr Tyr Ala 
50 55 60 

He Leu Ser Asn Lys Thr Val Glu Gin Leu Gly Gin Glu Glu Tyr Glu 
65 70 75 80 

Lys Val Ala He Leu Gly Trp Cys He Glu Leu Leu Gin Ala Tyr Phe 
85 90 95 

Leu Val Ala Asp Asp Met Met Asp Lys Ser lie Thr Arg Arg Gly Gin 
100 105 110 

Pro Cys Trp Tyr Lys Val Pro Glu Val Gly Glu He Ala He Asn Asp 
H5 120 125 

Ala Phe Met Leu Glu Ala Ala He Tyr Lys Leu Leu Lys Ser His Phe 
130 135 140 
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Arg Asn Glu Lys Tyr Tyr He Asp He Thr Glu Leu Phe His Glu Yal 
145 150 155 160 

Thr Phe Gin Thr Glu Leu Gly Gin Leu Met Asp Leu He Thr Ala Pro 
165 170 175 

Glu Asp Lys Val Asp Leu Ser Lys Phe Ser Leu Lys Lys His Ser Phe 
180 185 190 

lie Val Thr Phe Lys Thr Ala Tyr Tyr Ser Phe Tyr Leu Pro Val Ala 
195 200 205 

Leu Ala Met Tyr Val Ala Gly lie Thr Asp Glu Lys Asp Leu Lys Gin 
210 215 220 

Ala Arg Asp Val Leu lie Pro Leu Gly Glu Tyr Phe Gin He Gin Asp 
225 230 235 240 

Asp Tyr Leu Asp Cys Phe Gly Thr Pro Glu Gin He Gly Lys He Gly 
245 250 255 

Thr Asp He Gin Asp Asn Lys Cys Ser Trp Val He Asn Lys Ala Leu 
260 265 270 

Glu Leu Ala Ser Ala Glu Gin Arg Lys Thr Leu Asp Glu Asn Tyr Gly 
275 280 285 

Lys Lys Asp Ser Val Ala Glu Ala Lys Cys Lys Lys He Phe Asn Asp 
290 295 300 
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Leu Lys He Glu Gin Leu Tyr His Glu Tyr Glu Glu Ser lie Ala Lys 

305 310 315 320 

Asp Leu Lys Ala Lys He Ser Gin Val Asp Glu Ser Arg Gly Phe Lys 

325 330 335 

Ala Asp Val Leu Thr Ala Phe Leu Asn Lys Val Tyr Lys Arg Ser Lys 

340 345 350 



<210> 3 
<211> 900 
<212> DNA 

<213> Escherichia coli 

<220> 
<221> CDS 
<222> (1).. (897) 

<400> 3 

atg gac ttt ccg cag caa etc gaa gec tgc gtt aag cag gec aac cag 48 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 
15 10 15 

gcg ctg age cgt ttt ate gec cca ctg ccc ttt cag aac act ccc gtg 96 
Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 
20 25 30 

gtc gaa acc atg cag tat ggc gca tta tta ggt ggt aag cgc ctg cga 144 
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Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 



cct ttc ctg gtt tat gcc acc ggt cat atg ttc ggc gtt age aca aac 192 
Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 

acg ctg gac gca ccc get gcc gcc gtt gag tgt ate cac get tac tea 240 
Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys He His Ala Tyr Ser 
65 70 75 80 

tta att cat gat gat tta ccg gca atg gat gat gac gat ctg cgt cgc 288 
Leu He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

ggt ttg cca acc tgc cat gtg aag ttt ggc gaa gca aac gcg att etc 336 
Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala He Leu 
100 105 110 

get ggc gac get tta caa acg ctg gcg ttc teg att tta age gat gcc 384 
Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

gat atg ccg gaa gtg teg gac cgc gac aga att teg atg att tct gaa 432 
Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
.130 135 140 

ctg gcg age gcc agt ggt att gcc gga atg tgc ggt ggt cag gca tta 480 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 
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gat tta gac gcg gaa ggc aaa cac gta cct ctg gac gcg ctt gag cgt 
Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 



528 



att cat cgt cat aaa acc ggc gca ttg att cgc gcc gcc gtt cgc ctt 
He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 
180 185 190 



576 



ggt gca tta age gcc gga gat aaa gga cgt cgt get ctg ccg gta etc 
Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 



624 



gac aag tat gca gag age ate ggc ctt gcc ttc cag gtt cag gat gac 
Asp Lys Tyr Ala Glu Ser lie Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 



672 



ate ctg gat gtg gtg gga gat act gca acg ttg gga aaa cgc cag ggt 
lie Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 



720 



gcc gac cag caa ctt ggt aaa agt acc tac cct gca ctt ctg ggt ctt 
Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
245 250 255 



768 



gag caa gcc egg aag aaa gcc egg gat ctg ate gac gat gcc cgt cag 816 
Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu lie Asp Asp Ala Arg Gin 
260 265 270 



teg ctg aaa caa ctg get gaa cag tea etc gat acc teg gca ctg gaa 864 
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Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

gcg eta gcg gac tac ate ate cag cgt aat aaa taa 900 
Ala Leu Ala Asp Tyr He He Gin Arg Asn Lys 
290 295 



<210> 4 
<211> 299 
<212> PRT 

<213> Escherichia coli 
<400> 4 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 

Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 
20 25 30 

Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 



Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys lie His Ala Tyr Ser 

80 



65 70 75 



He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 
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WO 02/053746 

85 



90 



PCT/JP01/11214 

95 



Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala lie Leu 
100 105 110 

Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
130 135 140 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 

He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 
180 185 190 

Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 

He Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
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245 



250 



PCT/JP01/11214 

255 



Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu He Asp Asp Ala Arg Gin 
260 265 270 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

Ala Leu Ala Asp Tyr lie He Gin Arg Asn Lys 
290 295 



<210> 5 
<211> 1008 
<212> DNA 

<213> Saccharomyces cerevisiae 

<220> 

<221> CDS 

<222> (1).. (1005) 

<400> 5 

atg gag gcc aag ata gat gag ctg ate aat aat gat cct gtt tgg tec 48 

Met Glu Ala Lys He Asp Glu Leu He Asn Asn Asp Pro Val Trp Ser 

15 10 15 

age caa aat gaa age ttg att tea aaa cct tat aat cac ate ctt ttg 96 
Ser Gin Asn Glu Ser Leu He Ser Lys Pro Tyr Asn His He Leu Leu 
20 25 30 
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aaa cct ggc aag aac ttt aga eta aat tta ata gtt caa att aac aga 144 
Lys Pro Gly Lys Asn Phe Arg Leu Asn Leu lie Val Gin He Asn Arg 
35 40 45 

gtt atg aat ttg ccc aaa gac cag ctg gec ata gtt teg caa att gtt 192 
Val Met Asn Leu Pro Lys Asp Gin Leu Ala He Val Ser Gin He Val 
50 55 60 

gag etc ttg cat aat tec age ctt tta ate gac gat ata gaa gat aat 240 
Glu Leu Leu His Asn Ser Ser Leu Leu He Asp Asp lie Glu Asp Asn 
65 70 75 80 

get ccc ttg aga agg gga cag acc act tct cac tta ate ttc ggt gta 288 
Ala Pro Leu Arg Arg Gly Gin Thr Thr Ser His Leu He Phe Gly Val 
85 90 95 

ccc tec act ata aac acc gca aat tat atg tat ttc aga gec atg caa 336 
Pro Ser Thr He Asn Thr Ala Asn Tyr Met Tyr Phe Arg Ala Met Gin 
100 105 HO 

ctt gta teg cag eta acc aca aaa gag cct ttg tat cat aat ttg att 384 
Leu Val Ser Gin Leu Thr Thr Lys Glu Pro Leu Tyr His Asn Leu lie 
115 120 125 

acg att ttc aac gaa gaa ttg ate aat eta cat agg gga caa ggc ttg 432 
Thr He Phe Asn Glu Glu Leu He Asn Leu His Arg Gly Gin Gly Leu 
130 135 140 



gat ata tac tgg aga gac ttt ctg cct gaa ate ata cct act cag gag 480 
Asp He Tyr Trp Arg Asp Phe Leu Pro Glu He He Pro Thr Gin Glu 
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145 



150 



155 
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160 



atg tat ttg aat atg gtt atg aat aaa aca ggc ggc ctt ttc aga tta 528 
Met Tyr Leu Asn Met Val Met Asn Lys Thr Gly Gly Leu Phe Arg Leu 
165 iro 175 

acg ttg aga etc atg gaa gcg ctg tct cct tec tea cac cac ggc cat 576 
Thr Leu Arg Leu Met Glu Ala Leu Ser Pro Ser Ser His His Gly His 
180 185 190 



teg ttg gtt cct ttc ata aat ctt ctg ggt att att tat cag att aga 624 
Ser Leu Val Pro Phe He Asn Leu Leu Gly He lie Tyr Gin lie Arg 
195 200 205 

gat gat tac ttg aat ttg aaa gat ttc caa atg tec age gaa aaa ggc 672 
Asp Asp Tyr Leu Asn Leu Lys Asp Phe Gin Met Ser Ser Glu Lys Gly 
210 215 220 

ttt get gag gac att aca gag ggg aag tta tct ttt ccc ate gtc cac 720 
Phe Ala Glu Asp lie Thr Glu Gly Lys Leu Ser Phe Pro He Val His 
225 230 235 240 

gec ctt aac ttc act aaa acg aaa ggt caa act gag caa cac aat gaa 768 
Ala Leu Asn Phe Thr Lys Thr Lys Gly Gin Thr Glu Gin His Asn Glu 
245 250 255 

att eta aga att etc ctg ttg agg aca agt gat aaa gat ata aaa eta 816 
He Leu Arg He Leu Leu Leu Arg Thr Ser Asp Lys Asp He Lys Leu 
260 265 27 o 
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aag ctg att caa ata ctg gaa ttc gac acc aat tea ttg gec tac acc 864 

Lys Leu He Gin lie Leu Glu Phe Asp Thr Asn Ser Leu Ala Tyr Thr 

275 280 285 

aaa aat ttt att aat caa tta gtg aat atg ata aaa aat gat aat gaa 912 

Lys Asn Phe He Asn Gin Leu Val Asn Met He Lys Asn Asp Asn Glu 

290 295 300 

aat aag tat tta cct gat ttg get teg cat tec gac acc gee acc aat 960 

Asn Lys Tyr Leu Pro Asp Leu Ala Ser His Ser Asp Thr Ala Thr Asn 

305 310 315 320 

tta cat gac gaa ttg tta tat ata ata gac cac tta tec gaa ttg tga 1008 

Leu His Asp Glu Leu Leu Tyr lie lie Asp His Leu Ser Glu Leu 

325 330 335 



<210> 6 
<211> 335 
<212> PRT 

<213> Saccharoiyces cerevisiae 
<400> 6 

Met Glu Ala Lys He Asp Glu Leu He Asn Asn Asp Pro Val Trp Ser 
15 10 15 

Ser Gin Asn Glu Ser Leu He Ser Lys Pro Tyr Asn His He Leu Leu 
20 25 30 



Lys Pro Gly Lys Asn Phe Arg Leu Asn Leu lie Val Gin He Asn Arg 
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45 



Val Met Asn Leu Pro Lys Asp Gin Leu Ala He Val Ser Gin He Val 
50 55 60 

Glu Leu Leu His Asn Ser Ser Leu Leu lie Asp Asp lie GIu Asp Asn 
65 70 75 80 

Ala Pro Leu Arg Arg Gly Gin Thr Thr Ser His Leu He Phe Gly Val 

85 90 95 

Pro Ser Thr He Asn Thr Ala Asn Tyr Met Tyr Phe Arg Ala Met Gin 
100 105 110 

Leu Val Ser Gin Leu Thr Thr Lys Glu Pro Leu Tyr His Asn Leu lie 
115 120 125 

Thr lie Phe Asn Glu Glu Leu He Asn Leu His Arg Gly Gin Gly Leu 
130 135 140 

Asp He Tyr Trp Arg Asp Phe Leu Pro Glu He lie Pro Thr Gin Glu 
145 150 155 160 

Met Tyr Leu Asn Met Val Met Asn Lys Thr Gly Gly Leu Phe Arg Leu 
165 170 175 

Thr Leu Arg Leu Met Glu Ala Leu Ser Pro Ser Ser His His Gly His 
180 185 190 

Ser Leu Val Pro Phe He Asn Leu Leu Gly He He Tyr Gin lie Arg 
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205 



Asp Asp Tyr Leu Asn Leu Lys Asp Phe Gin Met Ser Ser Glu Lys Gly 
210 215 



220 



Phe Ala Glu Asp He Thr Glu Gly Lys Leu Ser Phe Pro He Val His 
225 230 



235 



240 



Ala Leu Asn Phe Thr Lys Thr Lys Gly Gin Thr Glu Gin His Asn Glu 
245 250 255 

He Leu Arg He Leu Leu Leu Arg Thr Ser Asp Lys Asp He Lys Leu 
260 265 270 



Lys Leu He Gin He Leu Glu Phe Asp Thr Asn Ser Leu Ala Tyr Thr 
275 280 



285 



Lys Asn Phe He Asn Gin Leu Val Asn Met He Lys Asn Asp Asn Glu 
290 295 300 



Asn Lys Tyr Leu Pro Asp Leu Ala Ser His Ser Asp Thr Ala Thr Asn 
305 310 



315 



320 



Leu His Asp Glu Leu Leu Tyr He He Asp His Leu Ser Glu Leu 
325 330 



335 



<210> 7 
<211> 3165 
<212> DNA 
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<220> 

<221> CDS 

<222> (1).. (3162) 

<400> 7 

atg ccg ccg eta ttc aag gga ctg aaa cag atg gca aag cca att gec 
Met Pro Pro Leu Phe Lys Gly Leu Lys Gin Met Ala Lys Pro He Ala 

tat gtt tea aga ttt teg gcg aaa cga cca att cat ata ata ctt ttt 
Tyr Vai Ser Arg Phe Ser Ala Lys Arg Pro He His He He Leu Phe 
20 25 30 

tct eta ate ata tec gca ttc get tat eta tec gtc att cag tat tac 
Ser Leu He He Ser Ala Phe Ala Tyr Leu Ser Val He Gin Tyr Tyr 
35 40 45 



aat aaa gac tec aac act eta ttt caa gaa tgt tec cat tac tac aga 
Asn Lys Asp Ser Asn Thr Leu Phe Gin Glu Cys Ser His Tyr Tyr Arg 

80 



48 



96 



144 



ttc aat ggt tgg caa eta gat tea aat agt gtt ttt gaa act get cca 192 
Phe Asn Gly Trp Gin Leu Asp Ser Asn Ser Val Phe Glu Thr Ala Pro 
50 55 60 



240 



65 70 75 



gat tec tct eta gat ggt tgg gta tea ate ace gcg cat gaa get agt 

Asp Ser Ser Leu Asp Gly Trp Val Ser He Thr Ala His Glu Ala Ser 
85 90 95 
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gag tta cca gcc cca cac cat tac tat eta tta aac ctg aac ttc aat 336 
Glu Leu Pro Ala Pro His His Tyr Tyr Leu Leu Asn Leu Asn Phe Asn 
100 105 no 

agt cct aat gaa act gac tec att cca gaa eta get aac acg gtt ttt 384 
Ser Pro Asn Glu Thr Asp Ser He Pro Glu Leu Ala Asn Thr Val Phe 
115 120 125 

gag aaa gat aat aca aaa tat att ctg caa gaa gat etc agt gtt tec 432 
Glu Lys Asp Asn Thr Lys Tyr He Leu Gin Glu Asp Leu Ser Val Ser 
130 135 14Q 

aaa gaa att tct tct act gat gga acg aaa tgg agg tta aga agt gac 480 
Lys Glu lie Ser Ser Thr Asp Gly Thr Lys Trp Arg Leu Arg Ser Asp 
145 150 155 160 

aga aaa agt ctt ttc gac gta aag acg tta gca tat tct etc tac gat 528 
Arg Lys Ser Leu Phe Asp Val Lys Thr Leu Ala Tyr Ser Leu Tyr Asp 
165 170 175 

gta ttt tea gaa aat gta acc caa gca gac ccg ttt gac gtc ctt att 576 
Val Phe Ser Glu Asn Val Thr Gin Ala Asp Pro Phe Asp Val Leu He 
180 185 190 

atg gtt act gcc tac eta atg atg ttc tac acc ata ttc ggc etc ttc 624 
Met Val Thr Ala Tyr Leu Met Met Phe Tyr Thr He Phe Gly Leu Phe 
195 200 205 

aat gac atg agg aag acc ggg tea aat ttt tgg ttg agc gcc tct aca 672 
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Asn Asp Met Arg Lys Thr Gly Ser Asn Phe Trp Leu Ser Ala Ser Thr 
210 215 220 



gtg gtc aat tct gca tea tea ctt ttc tta gca ttg tat gtc ace caa 720 
Val Val Asn Ser Ala Ser Ser Leu Phe Leu Ala Leu Tyr Val Thr Gin 
225 230 235 240 

tgt att eta ggc aaa gaa gtt tec gca tta act ctt ttt gaa ggt ttg 768 
Cys lie Leu Gly Lys Glu Val Ser Ala Leu Thr Leu Phe Glu Gly Leu 
245 250 255 

cct ttc att gta gtt gtt gtt ggt ttc aag cac aaa ate aag att gee 816 
Pro Phe He Val Val Val Val Gly Phe Lys His Lys lie Lys He Ala 
260 265 270 

cag tat gee ctg gag aaa ttt gaa aga gtc ggt tta tct aaa agg att 864 
Gin Tyr Ala Leu Glu Lys Phe Glu Arg Val Gly Leu Ser Lys Arg He 
275 280 285 

act acc gat gaa ate gtt ttt gaa tec gtg age gaa gag ggt ggt cgt 912 
Thr Thr Asp Glu He Val Phe Glu Ser Val Ser Glu Glu Gly Gly Arg 
290 295 300 

ttg att caa gac cat ttg ctt tgt att ttt gec ttt ate gga tgc tct 960 
Leu He Gin Asp His Leu Leu Cys He Phe Ala Phe He Gly Cys Ser 
305 310 315 320 

atg tat get cac caa ttg aag act ttg aca aac ttc tgc ata tta tea 1008 
Met Tyr Ala His Gin Leu Lys Thr Leu Thr Asn Phe Cys He Leu Ser 
325 330 335 
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gca ttt ate eta att ttt gaa ttg att tta act cct aca ttt tat tct 1056 
Ala Phe He Leu He Phe Glu Leu He Leu Thr Pro Thr Phe Tyr Ser 
340 345 350 

get ate tta gcg ctt aga ctg gaa atg aat gtt ate cac aga tct act 1104 
Ala He Leu Ala Leu Arg Leu Glu Met Asn Yal lie His Arg Ser Thr 
355 360 365 

att ate aag caa aca tta gaa gaa gac ggt gtt gtt cca tct aca gca 1152 
He He Lys Gin Thr Leu Glu Glu Asp Gly Vai Val Pro Ser Thr Ala 
370 375 380 

aga ate att tct aaa gca gaa aag aaa tec gta tct tct ttc tta aat 1200 
Arg He He Ser Lys Ala Glu Lys Lys Ser Val Ser Ser Phe Leu Asn 
385 390 395 400 

etc agt gtg gtt gtc att ate atg aaa etc tct gtc ata ctg ttg ttt 1248 
Leu Ser Val Val Val He He Met Lys Leu Ser Val He Leu Leu Phe 
405 410 415 

gtc ttc ate aac ttt tat aac ttt ggt gca aat tgg gtc aat gat gec 1296 
Val Phe He Asn Phe Tyr Asn Phe Gly Ala Asn Trp Val Asn Asp Ala 
420 425 430 

ttc aat tea ttg tac ttc gat aag gaa cgt gtt tct eta cca gat ttt 1344 
Phe Asn Ser Leu Tyr Phe Asp Lys Glu Arg Val Ser Leu Pro Asp Phe 
435 440 445 



att acc teg aat gec tct gaa aac ttt aaa gag caa get att gtt agt 1392 
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He Thr Ser Asn Ala Ser Glu Asn Phe Lys Glu Gin Ala He Val Ser 
450 455 460 



gtc acc cca tta tta tat tac aaa ccc att aag tec tac caa cgc att 1440 
Val Thr Pro Leu Leu Tyr Tyr Lys Pro He Lys Ser Tyr Gin Arg lie 
465 470 475 480 

gag gat atg gtt ctt eta ttg ctt cgt aat gtc agt gtt gec att cgt 1488 
Glu Asp Met Val Leu Leu Leu Leu Arg Asn Val Ser Val Ala He Arg 
485 490 495 

gat agg ttc gtc agt aaa tta gtt ctt tec gec tta gta tgc agt get 1536 
Asp Arg Phe Val Ser Lys' Leu Val Leu Ser Ala Leu Val Cys Ser Ala 
500 505 5 10 

gtc ate aat gtg tat tta ttg aat get get aga att cat acc agt tat 1584 
Val He Asn Val Tyr Leu Leu Asn Ala Ala Arg He His Thr Ser Tyr 
515 520 525 

act gca gac caa ttg gtg aaa act gaa gtc acc aag aag tct ttt act 1632 
Thr Ala Asp Gin Leu Val Lys Thr Glu Val Thr Lys Lys Ser Phe Thr 
530 535 540 

get cct gta caa aag get tct aca cca gtt tta acc aat aaa aca gtc 1680 
Ala Pro Val Gin Lys Ala Ser Thr Pro Val Leu Thr Asn Lys Thr Val 
545 550 555 560 

att tct gga teg aaa gtc aaa agt tta tea tct gcg caa teg age tea 1728 
He Ser Gly Ser Lys Val Lys Ser Leu Ser Ser Ala Gin Ser Ser Ser 
565 570 575 
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tea gga cct tea tea tct agt gag gaa gat gat tec cgc gat att gaa 1776 
Ser Gly Pro Ser Ser Ser Ser Glu Glu Asp Asp Ser Arg Asp He Glu 
580 585 590 

age ttg gat aag aaa ata cgt cct tta gaa gaa tta gaa gca tta tta 1824 
Ser Leu Asp Lys Lys He Arg Pro Leu Glu Glu Leu Glu Ala Leu Leu 
595 600 605 

agt agt gga aat aca aaa caa ttg aag aac aaa gag gtc get gee ttg 1872 
Ser Ser Gly Asn Thr Lys Gin Leu Lys Asn Lys Glu Val Ala Ala Leu 
610 615 620 

gtt att cac ggt aag tta cct ttg tac get ttg gag aaa aaa tta ggt 1920 
Val lie His Gly Lys Leu Pro Leu Tyr Ala Leu Glu Lys Lys Leu Gly 
625 630 635 640 



gat act acg aga gcg gtt gcg gta cgt agg aag get ctt tea att ttg 1968 
Asp Thr Thr Arg Ala Val Ala Val Arg Arg Lys Ala Leu Ser lie Leu 
645 650 655 

gca gaa get cct gta tta gca tct gat cgt tta cca tat aaa aat tat 2016 
Ala Glu Ala Pro Val Leu Ala Ser Asp Arg Leu Pro Tyr Lys Asn Tyr 
660 665 670 

gac tac gac cgc gta ttt ggc get tgt tgt gaa aat gtt ata ggt tac 2064 
Asp Tyr Asp Arg Val Phe Gly Ala Cys Cys Glu Asn Val He Gly Tyr 
675 680 685 

atg cct ttg ccc gtt ggt gtt ata ggc ccc ttg gtt ate gat ggt aca 2112 
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Met Pro Leu Pro Val Gly Val He Gly Pro Leu Val He Asp Gly Thr 
690 695 700 



tct tat cat ata cca atg gca act aca gag ggt tgt ttg gta get tct 
Ser Tyr His He Pro Met Ala Thr Thr Glu Gly Cys Leu Val Ala Ser 
705 710 715 720 



2160 



gec atg cgt ggc tgt aag gca ate aat get ggc ggt ggt gca aca act 
Ala Met Arg Gly Cys Lys Ala He Asn Ala Gly Gly Gly Ala Thr Thr 
725 730 735 



2208 



gtt tta act aag gat ggt atg aca aga ggc cca gta gtc cgt ttc cca 
Val Leu Thr Lys Asp Gly Met Thr Arg Gly Pro Val Val Arg Phe Pro 
740 745 750 



2256 



act ttg aaa aga tct ggt gec tgt aag ata tgg tta gac tea gaa gag 
Thr Leu Lys Arg Ser Gly Ala Cys Lys lie Trp Leu Asp Ser Glu Glu 
755 760 765 



2304 



gga caa aac gca att aaa aaa get ttt aac tct aca tea aga ttt gca 
Gly Gin Asn Ala He Lys Lys Ala Phe Asn Ser Thr Ser Arg Phe Ala 
770 775 780 



2352 



cgt ctg caa cat att caa act tgt eta gca gga gat tta etc ttc atg 
Arg Leu Gin His He Gin Thr Cys Leu Ala Gly Asp Leu Leu Phe Met 
7 *5 790 795 800 



2400 



aga ttt aga aca act act ggt gac gca atg ggt atg aat atg att tct 2448 
Arg Phe Arg Thr Thr Thr Gly Asp Ala Met Gly Met Asn Met He Ser 
805 810 815 
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aaa ggt gtc gaa tac tea tta aag caa atg gta gaa gag tat ggc tgg 2496 
Lys Gly Val Glu Tyr Ser Leu Lys Gin Met Val Glu Glu Tyr Gly Trp 
820 825 830 

gaa gat atg gag gtt gtc tec gtt tct ggt aac tac tgt acc gac aaa 2544 
Glu Asp Met Glu Val Val Ser Val Ser Gly Asn Tyr Cys Thr Asp Lys 
835 840 845 

aaa cca get gec ate aac tgg ate gaa ggt cgt ggt aag agt gtc gtc 2592 
Lys Pro Ala Ala He Asn Trp He Glu Gly Arg Gly Lys Ser Val Val 
850 855 860 

gca gaa get act att cct ggt gat gtt gtc aga aaa gtg tta aaa agt 2640 
Ala Glu Ala Thr He Pro Gly Asp Val Val Arg Lys Val Leu Lys Ser 
865 870 875 880 

gat gtt tec gca ttg gtt gag ttg aac att get aag aat ttg gtt gga 2688 
Asp Val Ser Ala Leu Val Glu Leu Asn lie Ala Lys Asn Leu Val Gly 
885 890 895 

tct gca atg get ggg tct gtt ggt gga ttt aac gca cat gca get aat 2736 
Ser Ala Met Ala Gly Ser Val Gly Gly Phe Asn Ala His Ala Ala Asn 
900 905 910 

tta gtg aca get gtt ttc ttg gca tta gga caa gat cct gca caa aat 2784 
Leu Val Thr Ala Val Phe Leu Ala Leu Gly Gin Asp Pro Ala Gin Asn 
915 920 925 

gtt gaa agt tec aac tgt ata aca ttg atg aaa gaa gtg gac ggt gat 2832 
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Val Glu Ser Ser Asn Cys He Thr Leu Met Lys Glu Val Asp Gly Asp 
930 935 940 

ttg aga att tec gta tec atg cca tec ate gaa gta ggt ace ate ggt 2880 
Leu Arg He Ser Val Ser Met Pro Ser He Glu Val Gly Thr He Gly 
945 950 955 960 

ggt ggt act gtt eta gaa cca caa ggt gee atg ttg gac tta tta ggt 2928 
Gly Gly Thr Val Leu Glu Pro Gin Gly Ala Met Leu Asp Leu Leu Gly 
965 970 975 

gta aga ggc ccg cat get acc get cct ggt ace aac gca cgt caa tta 2976 
Val Arg Gly Pro His Ala Thr Ala Pro Gly Thr Asn Ala Arg Gin Leu 
980 985 990 

gca aga ata gtt gec tgt gec gtc ttg gca ggt gaa tta tec tta tgt 3024 
Ala Arg He Val Ala Cys Ala Val Leu Ala Gly Glu Leu Ser Leu Cys 
995 1000 1005 

get gee eta gca gee ggc cat ttg gtt caa agt cat atg acc cac aac 3072 
Ala Ala Leu Ala Ala Gly His Leu Val Gin Ser His Met Thr His Asn 
1010 1015 1020 

agg aaa cct get gaa cca aca aaa cct aac aat ttg gac gec act gat 3120 
Arg Lys Pro Ala Glu Pro Thr Lys Pro Asn Asn Leu Asp Ala Thr Asp 
1025 1030 1035 1040 

ata aat cgt ttg aaa gat ggg tec gtc acc tgc att aaa tec taa 3165 
He Asn Arg Leu Lys Asp Gly Ser Val Thr Cys He Lys Ser 
1045 1050 
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<210> 8 
<211> 1054 
<212> PRT 

<213> Saccharomyces cerevisiae 



<400> 8 

Met Pro Pro Leu Phe Lys Giy Leu Lys Gin Met Ala Lys Pro He Ala 
15 10 15 

Tyr Val Ser Arg Phe Ser Ala Lys Arg Pro He His He He Leu Phe 
20 25 30 

Ser Leu He He Ser Ala Phe Ala Tyr Leu Ser Val He Gin Tyr Tyr 
35 40 45 

Phe Asn Gly Trp Gin Leu Asp Ser Asn Ser Val Phe Glu Thr Ala Pro 
50 55 60 

Asn Lys Asp Ser Asn Thr Leu Phe Gin Glu Cys Ser His Tyr Tyr Arg 
65 70 75 80 

Asp Ser Ser Leu Asp Gly Trp Val Ser He Thr Ala His Glu Ala Ser 
85 90 95 



Glu Leu Pro Ala Pro His His Tyr Tyr Leu Leu Asn Leu Asn Phe Asn 
100 105 no 



Ser Pro Asn Glu Thr Asp Ser He Pro Glu Leu Ala Asn Thr Val Phe 
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125 



Glu Lys Asp Asn Thr Lys Tyr He Leu Gin Glu Asp Leu Ser Val Ser 
130 135 140 

Lys Glu He Ser Ser Thr Asp Gly Thr Lys Trp Arg Leu Arg Ser Asp 
145 150 155 160 

Arg Lys Ser Leu Phe Asp Val Lys Thr Leu Ala Tyr Ser Leu Tyr Asp 
165 no 175 

Val Phe Ser Glu Asn Val Thr Gin Ala Asp Pro Phe Asp Val Leu He 
180 185 190 

Met Val Thr Ala Tyr Leu Met Met Phe Tyr Thr He Phe Gly Leu Phe 
195 200 205 

Asn Asp Met Arg Lys Thr Gly Ser Asn Phe Trp Leu Ser Ala Ser Thr 
21° 215 220 

Val Val Asn Ser Ala Ser Ser Leu Phe Leu Ala Leu Tyr Val Thr Gin 
225 230 235 240 

Cys He Leu Gly Lys Glu Val Ser Ala Leu Thr Leu Phe Glu Gly Leu 
245 250 255 

Pro Phe He Val Val Val Val Gly Phe Lys His Lys He Lys He Ala 
260 265 270 

Gin Tyr Ala Leu Glu Lys Phe Glu Arg Val Gly Leu Ser Lys Arg He 
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285 



Thr Thr Asp Glu He Val Phe do Ser Val Ser Gin Glu Gly Gly Arg 
290 295 



300 



Leu He Gin Asp His Leu Leu Cys lie Phe Ala Phe He Gly Cys Ser 

305 310 m 

6li) 320 



Met Tyr Ala His Gin Leu Lys Thr Leu Thr Asn Phe Cys II 



e Leu Ser 



325 330 335 



Ma Phe He Leu lie Phe Glu Leu He Leu Thr Pro Thr. Phe Tyr Ser 
340 345 



350 



Ma He Leu Ala Leu Arg Leu Glu Met Asn Val Il e His Arg Ser Thr 
355 360 



365 



He He Lys Gin Thr Leu Glu Glu Asp Gly Val Val Pro Ser Thr Ala 

375 380 



Arg He Ile Ser Lys Ala GIn lys lys Ser w $er ^ ^ ^ ^ 

400 



385 390 395 



Leu Ser Val Val T .I lie Ile Met Lys Leu Ser Val He Leu Leu Phe 

405 4io 415 

Val Phe lie Asn Phe Tyr Asn Phe Gly Ala Asn Trp Val Asn Asp Ala 
420 "25 430 

Pne Asn Ser Leu Tyr Phe Asp Lys Clu Arg Val Ser Leu Pro Asp Phe 
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445 



He Thr Ser Asn Ala Ser Glu Asn Phe Lys Glu Gin Ala lie Val Ser 
450 455 460 

Val Thr Pro Leu Leu Tyr Tyr Lys Pro He Lys Ser Tyr Gin Arg He 
465 470 475 480 

Glu Asp Met Val Leu Leu Leu Leu Arg Asn Val Ser Val Ala He Arg 
485 490 495 

Asp Arg Phe Val Ser Lys Leu Val Leu Ser Ala Leu Val Cys Ser Ala 
500 505 510 

Val He Asn Val Tyr Leu Leu Asn Ala Ala Arg He His Thr Ser Tyr 
515 520 525 

Thr Ala Asp Gin Leu Val Lys Thr Glu Val Thr Lys Lys Ser Phe Thr 
530 535 540 

Ala Pro Val Gin Lys Ala Ser Thr Pro Val Leu Thr Asn Lys Thr Val 
545 550 555 560 

He Ser Gly Ser Lys Val Lys Ser Leu Ser Ser Ala Gin Ser Ser Ser 
565 570 575 

Ser Gly Pro Ser Ser Ser Ser Glu Glu Asp Asp Ser Arg Asp He Glu 
580 585 590 

Ser Leu Asp Lys Lys He Arg Pro Leu Glu Glu Leu Glu Ala Leu Leu 
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605 



Ser Ser Gly Asn Thr Lys Gin Leu Lys Asn Lys Gin Val Ala Ala Leu 
610 615 6 20 



Val He His Gly Lys Leu Pro Leu Tyr Ala Leu Glu Lys Lys Leu Gly 
625 630 



635 



640 



Asp Thr Thr Arg Ala Val Ala Val Arg Arg Lys Ala Leu Ser He Leu 
645 650 655 

Ala Glu Ala Pro Val Leu Ala Ser Asp Arg Leu Pro Tyr Lys Asn Tyr 
660 665 ' 670 

Asp Tyr Asp Arg Val Phe Gly Ala Cys Cys Glu Asn Val He Gly Tyr 
675 680 685 

Met Pro Leu Pro Val Gly Val He Gly Pro Leu Val He Asp Gly Thr 
690 695 700 

Ser Tyr His He Pro Met Ala Thr Thr Glu Gly Cys Leu Val Ala Ser 
705 710 715 720 

Ala Met Arg Gly Cys Lys Ala lie Asn Ala Gly Gly Gly Ala Thr Thr 
725 730 735 



Val Leu Thr Lys Asp Gly Met Thr Arg Gly Pro Val Val Arg Phe Pro 
740 745 750 



Thr Leu Lys Arg Ser Gly Ala Cys Lys lie Trp Leu Asp Ser Glu Glu 

31/157 



WO 02/053746 

755 



760 



PCT/JPOl/11214 

765 



Gly Gin Asn Ala He Lys Lys Ala Phe Asn Ser Thr Ser Arg Phe Ala 
770 775 780 

Arg Leu Gin His He Gin Thr Cys Leu Ala Gly Asp Leu Leu Phe Met 
785 795 800 

Arg Phe Arg Thr Thr Thr Gly Asp Ala Met Gly Met Asn Met lie Ser 
805 810 815 

Lys Gly Val Glu Tyr Ser Leu Lys Gin Met Val Glu Glu Tyr Gly Trp 
820 ' 825 830 

Glu Asp Met Glu Val Val Ser Val Ser Gly Asn Tyr Cys Thr Asp Lys 
835 840 845 

Lys Pro Ala Ala He Asn Trp lie Glu Gly Arg Gly Lys Ser Val Val 
850 855 860 

Ala Glu Ala Thr He Pro Gly Asp Val Val Arg Lys Val Leu Lys Ser 
865 870 875 880 

Asp Val Ser Ala Leu Val Glu Leu Asn He Ala Lys Asn Leu Val Gly 
885 890 895 

Ser Ala Met Ala Gly Ser Val Gly Gly Phe Asn Ala His Ala Ala Asn 
900 905 910 

Leu Val Thr Ala Val Phe Leu Ala Leu Gly Gin Asp Pro Ala Gin Asn 
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925 



Val Glu Ser Ser Asn Cys He Thr Leu Met Lys Glu Val Asp Gly Asp 
930 935 940 

Leu Arg He Ser Val Ser Met Pro Ser He Glu Val Gly Thr He Gly 
945 950 955 960 

Gly Gly Thr Val Leu Glu Pro Gin Gly Ala Met Leu Asp Leu Leu Gly 
965 970 975 

Val Arg Gly Pro His Ala Thr Ala Pro Gly Thr Asn Ala Arg Gin Leu 
980 985 990 

Ala Arg He Val Ala Cys Ala Val Leu Ala Gly Glu Leu Ser Leu Cys 
995 1000 1005 

Ala Ala Leu Ala Ala Gly His Leu Val Gin Ser His Met Thr His Asn 
1010 1015 1020 

Arg Lys Pro Ala Glu Pro Thr Lys Pro Asn Asn Leu Asp Ala Thr Asp 
1025 1030 1035 1040 



He Asn Arg Leu Lys Asp Gly Ser Val Thr Cys He Lys Ser 
1045 1050 



<210> 9 
<211> 3165 
<212> DNA 
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PCT/JP01/11214 



<220> 

<221> CDS 

<222> (1).. (3162) 

<400> 9 

atg ccg ccg eta ttc aag gga ctg aaa cag atg gca aag cca att gec 48 

Met Pro Pro Leu Phe Lys Gly Leu Lys Gin Met Ala Lys Pro lie Ala 
15 10 15 

tat gtt tea aga ttt teg gcg aaa cga cca att cat ata ata ctt ttt 96 
Tyr Val Ser Arg Phe Ser Ala Lys Arg Pro He His He He Leu Phe 
20 25 30 

tct eta ate ata tec gca ttc get tat eta tec gtc att cag tat tac 144 
Ser Leu lie He Ser Ala Phe Ala Tyr Leu Ser Val lie Gin Tyr Tyr 
35 40 45 

ttc aat ggt tgg caa eta gat tea aat agt gtt ttt gaa act get cca 192 
Phe Asn Gly Trp Gin Leu Asp Ser Asn Ser Val Phe Glu Thr Ala Pro 
50 55 60 

aat aaa gac ttc aac act eta ttt caa gaa tgt tec cat tac tac aga 240 
Asn Lys Asp Phe Asn Thr Leu Phe Gin Glu Cys Ser His Tyr Tyr Arg 
65 70 75 80 

gat tec tct eta gat ggt tgg gta tea ate ace gcg cat gaa get agt 288 
Asp Ser Ser Leu Asp Gly Trp Val Ser He Thr Ala His Glu Ala Ser 

85 90 95 
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gag tta cca gcc cca cac cat tac tat eta tta aac ctg aac ttc aat 336 
Glu Leu Pro Ala Pro His His Tyr Tyr Leu Leu Asn Leu Asn Phe Asn 
100 105 110 

agt cct aat gaa act gac tec att cca gaa eta get aac acg gtt ttt 384 
Ser Pro Asn Glu Thr Asp Ser He Pro Glu Leu Ala Asn Thr Yal Phe 
115 120 125 

gag aaa gat aat aca aaa tat att ctg caa gaa gat etc age gtt tec 432 
Glu Lys Asp Asn Thr Lys Tyr lie Leu Gin Glu Asp Leu Ser Val Ser 
130 135 140 

aaa gaa att tct tct act gat gga acg aaa tgg agg tta aga agt gac 480 
Lys Glu He Ser Ser Thr Asp Gly Thr Lys Trp Arg Leu Arg Ser Asp 
145 150 155 160 

aga aaa agt ctt ttc gac gta aag acg tta gca tat tct etc tac gat 528 
Arg Lys Ser Leu Phe Asp Val Lys Thr Leu Ala Tyr Ser Leu Tyr Asp 
165 170 175 

gta ttt tea gaa aat gta acc caa gca gac ccg ttt gac gtc ctt att 576 
Val Phe Ser Glu Asn Val Thr Gin Ala Asp Pro Phe Asp Val Leu He 
180 185 190 

atg gtt act gcc tac eta atg atg ttc tac acc ata ttc ggc etc ttc 624 
Met Val Thr Ala Tyr Leu Met Met Phe Tyr Thr lie Phe Gly Leu Phe 
195 200 205 



aat gac atg agg aag acc ggg tea aat ttt tgg ttg age gcc tct aca 672 
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Asn Asp Met Arg Lys Thr Gly Ser Asn Phe Trp Leu Ser Ala Ser Thr 
210 215 220 



gtg gtc aat tct gca tea tea ctt ttc tta gca ttg tat gtc ace caa 720 

Val Val Asn Ser Ala Ser Ser Leu Phe Leu Ala Leu Tyr VaT Thr Gin 

225 230 235 240 

tgt att eta ggc aaa gaa gtt tec gca tta act ctt ttt gaa ggt ttg 768 

Cys He Leu Gly Lys Glu Val Ser Ala Leu Thr Leu Phe Glu Gly Leu 
245 250 255 

cct ttc att gta gtt gtt gtt ggt ttc aag cac aaa ate aag att gec 816 

Pro Phe He Val Val Val Val Gly Phe Lys His Lys He Lys He Ala 
260 265 270 

cag tat gec ctg gag aaa ttt gaa aga gtc ggt tta tct aaa agg att 864 

Gin Tyr Ala Leu Glu Lys Phe Glu Arg Val Gly Leu Ser Lys Arg He 

275 280 285 

act acc gat gaa ate gtt ttt gaa tec gtg age gaa gag ggt ggt cgt 912 

Thr Thr Asp Glu lie Val Phe Glu Ser Val Ser Glu Glu Gly Gly Arg 

290 295 300 

ttg att caa gac cat ttg ctt tgt att ttt gec ttt ate gga tgc tct 960 

Leu He Gin Asp His Leu Leu Cys He Phe Ala Phe He Gly Cys Ser 

305 310 315 320 

atg tat get cac caa ttg aag act ttg aca aac ttc tgc ata tta tea 1008 

Met Tyr Ala His Gin Leu Lys Thr Leu Thr Asn Phe Cys He Leu Ser 
325 330 335 
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gca ttt ate eta att ttc gaa ttg att tta act cct aca ttt tat tct 1056 
Ala Phe He Leu He Phe Glu Leu He Leu Thr Pro Thr Phe Tyr Ser 
340 . 345 350 

get ate tta gcg ctt aga ctg gaa atg aat gtt ate cac aga tct act 1104 
Ala He Leu Ala Leu Arg Leu Glu Met Asn Val He His Arg Ser Thr 
355 360 365 

att ate aag caa aca tta gaa gaa gac ggt gtt gtt cca tct aca gca 1152 
lie He Lys Gin Thr Leu Glu Glu Asp Gly Val Yal Pro Ser Thr Ala 
370 375 380 

aga ate att tct aag gca gaa aag aaa tec gta tct tct ttc tta aat 1200 
Arg He He Ser Lys Ala Glu Lys Lys Ser Val Ser Ser Phe Leu Asn 
385 390 395 400 

etc agt gtg gtt gtc att ate atg aaa etc tct gtc ata ctg ttg ttc 1248 
Leu Ser Val Val Val He He Met Lys Leu Ser Val He Leu Leu Phe 
405 410 415 

gtc ttc ate aac ttt tat aac ttt ggt gca aat tgg gtc aat gat gee 1296 
Val Phe He Asn Phe Tyr Asn Phe Gly Ala Asn Trp Val Asn Asp Ala 
420 425 430 

ttc aat tea ttg tac ttc gat aag gaa cgt gtt tct eta cca gat ttt 1344 
Phe Asn Ser Leu Tyr Phe Asp Lys Glu Arg Val Ser Leu Pro Asp Phe 
435 440 445 



att acc teg aat gee tct gaa aac ttt aaa gag caa get att gtt agt 1392 
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He Thr Ser Asn Ala Ser Glu Asn Phe Lys Glu Gin Ala He Val Ser 
450 455 460 



gtc acc cca tta tta tat tac aaa ccc att aag tec tac caa cgc att 1440 
Val Thr Pro Leu Leu Tyr Tyr Lys Pro He Lys Ser Tyr Gin Arg He 
465 470 475 480 

gag gat atg gtt ctt eta ttg ctt cgt aat gtc agt gtt gec att cgt 1488 
Glu Asp Met Val Leu Leu Leu Leu Arg Asn Val Ser Val Ala He Arg 
485 490 495 

gat agg ttc gtc agt aaa tta gtt ctt tec gec tta gta tgc agt get 1536 
Asp Arg Phe Val Ser Lys Leu Val Leu Ser Ala Leu Val Cys Ser Ala 
500 505 510 

gtc ate aat gtg tat tta tta aat get get aga att cat acc agt tat 1584 
Val He Asn Val Tyr Leu Leu Asn Ala Ala Arg lie His Thr Ser Tyr 
515 520 525 

act gca gac caa ttg gtg aag act gaa gtc acc aag aag tct ttt act 1632 
Thr Ala Asp Gin Leu Val Lys Thr Glu Val Thr Lys Lys Ser Phe Thr 
530 535 540 

get cct gta caa aag get tct aca cca gtt tta acc aat aaa aca gtc 1680 
Ala Pro Val Gin Lys Ala Ser Thr Pro Val Leu Thr Asn Lys Thr Val 
545 550 555 560 

att tct gga teg aaa gtc aaa agt tta tea tct gcg caa teg age tea 1728 
lie Ser Gly Ser Lys Val Lys Ser Leu Ser Ser Ala Gin Ser Ser Ser 
565 570 575 
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tea gga cct tea tea tct agt gag gaa gat gat tec cgc gat att gaa 1776 
Ser Gly Pro Ser Ser Ser Ser Glu Glu Asp Asp Ser Arg Asp He Glu 
580 585 590 

age ttg gat aag aaa ata cgt cct tta gaa gaa tta gaa gca tea tta 1824 
Ser Leu Asp Lys Lys He Arg Pro Leu Glu Glu Leu Glu Ala Ser Leu 
595 600 605 

agt agt gga aat aca aaa caa ttg aag aac aaa gag gtc get gee ttg 1872 
Ser Ser Gly Asn Thr Lys Gin Leu Lys Asn Lys Glu Val Ala Ala Leu 
610 615 620 

gtt att cac ggt aag tta cct ttg tac get ttg gag aaa aaa tta ggt 1920 
Val He His Gly Lys Leu Pro Leu Tyr Ala Leu Glu Lys Lys Leu Gly 
625 630 635 640 

gat act acg aga gcg gtt gcg gta cgt agg aag get ctt tea att ttg 1968 
Asp Thr Thr Arg Ala Val Ala Val Arg Arg Lys Ala Leu Ser He Leu 
645 650 655 

gca gaa get cct gta tta gca tct gat cgt tta cca tat aaa aat tat 2016 
Ala Glu Ala Pro Val Leu Ala Ser Asp Arg Leu Pro Tyr Lys Asn Tyr 
660 665 670 

gac tac gac cgc gta ttt ggc get tgt tgt gaa aat gtt ata ggt tac 2064 
Asp Tyr Asp Arg Val Phe Gly Ala Cys Cys Glu Asn Val He Gly Tyr 
675 680 685 



atg cct ttg ccc gtt ggt gtt ata ggc ccc ttg gtt ate gat ggt aca 2112 
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Met Pro Leu Pro Val Gly Val He Gly Pro Leu Val He Asp Gly Thr 
690 695 700 



tct tat cat ata cca atg gca act aca gag ggt tgt ttg gta get tct 2160 

Ser Tyr His He Pro Met Ala Thr Thr Glu Gly Cys Leu Val Ala Ser 

705 710 715 720 

gec atg cgt ggc tgt aag gca ate aat get ggc ggt ggt gca aca act 2208 

Ala Met Arg Gly Cys Lys Ala He Asn Ala Gly Gly Gly Ala Thr Thr 

725 730 735 

gtt tta act aag gat ggt atg aca aga ggc cca gta gtc cgt ttc cca 2256 

Val Leu Thr Lys Asp Gly Met Thr Arg Gly Pro Val Val Arg Phe Pro 

740 745 750 

act ttg aaa aga tct ggt gec tgt aag ata tgg tta gac tea gaa gag 2304 

Thr Leu Lys Arg Ser Gly Ala Cys Lys He Trp Leu Asp Ser Glu Glu 

755 760 765 

gga caa aac gca att aaa aaa get ttt aac tct aca tea aga ttt gca 2352 

Gly Gin Asn Ala lie Lys Lys Ala Phe Asn Ser Thr Ser Arg Phe Ala 

770 775 780 

cgt ctg caa cat att caa act tgt eta gca gga gat tta etc ttc atg 2400 

Arg Leu Gin His He Gin Thr Cys Leu Ala Gly Asp Leu Leu Phe Met 

785 790 795 800 

aga ttt aga aca act act ggt gac gca atg ggt atg aat atg att tct 2448 

Arg Phe Arg Thr Thr Thr Gly Asp Ala Met Gly Met Asn Met He Ser 

805 810 815 
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aag ggt gtc gaa tac tea tta aag caa atg gta gaa gag tat ggc tgg 2496 
Lys Gly Val Glu Tyr Ser Leu Lys Gin Met Val Glu Glu Tyr Gly Trp 
820 825 830 

gaa gat atg gag gtt gtc tec gtt tct ggt aac tac tgt acc gac aaa 2544 
Glu Asp Met Glu Val Val Ser Val Ser Gly Asn Tyr Cys Thr Asp Lys 
835 840 845 

aaa cca get gee ate aac tgg ate gaa ggt cgt ggt aag agt gtc gtc 2592 
Lys Pro Ala Ala lie Asn Trp lie Glu Gly Arg Gly Lys Ser Val Val 
850 855 860 

gca gaa get act att cct ggt gat gtt gtc aga aaa gtg tta aaa agt 2640 
Ala Glu Ala Thr lie Pro Gly Asp Val Val Arg Lys Val Leu Lys Ser 
865 870 875 880 

gat gtt tec gca ttg gtt gag ttg aac att get aag aat ttg gtt gga 2688 
Asp Val Ser Ala Leu Val Glu Leu Asn He Ala Lys Asn Leu Val Gly 
885 890 895 

tct gca atg get ggg tct gtt ggt gga ttt aac gca cgt gca get aat 2736 
Ser Ala Met Ala Gly Ser Val Gly Gly Phe Asn Ala Arg Ala Ala Asn 
900 905 910 

tta gtg aca get gtt ttc ttg gca tta gga caa gat cct gca caa aat 2784 
Leu Val Thr Ala Val Phe Leu Ala Leu Gly Gin Asp Pro Ala Gin Asn 
915 920 925 



gtc gaa agt tec aac tgt ata aca ttg atg aaa gaa gtg gac ggt gat 2832 
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Val Glu Ser Ser Asn Cys He Thr Leu Met Lys Glu Val Asp Gly Asp 
930 935 940 

ttg aga att tec gta tec atg cca tec ate gaa gta ggt acc ate ggt 2880 
Leu Arg He Ser Val Ser Met Pro Ser He Glu Val Gly Thr He Gly 
945 950 955 960 

ggt ggt act gtt eta gaa cca caa ggt gec atg ttg gac tta tta ggt 2928 
Gly Gly Thr Val Leu Glu Pro Gin Gly Ala Met Leu Asp Leu Leu Gly 
965 970 975 

gta aga ggc cca cat get acc get cct ggt acc aac gca cgt caa tta 2976 
Val Arg Gly Pro His Ala Thr Ala Pro Gly Thr Asn Ala Arg Gin Leu 
980 985 990 

gca aga ata gtt gec tgt gec gtc ttg gca ggt gaa tta tec tta tgt 3024 
Ala Arg He Val Ala Cys Ala Val Leu Ala Gly Glu Leu Ser Leu Cys 
995 1000 1005 

get gec eta gca gec ggc cat ttg gtt caa agt cat atg acc cac aac 3072 
Ala Ala Leu Ala Ala Gly His Leu Val Gin Ser His Met Thr His Asn 
1010 1015 1020 

agg aaa cct get gaa cca aca aaa cct aac aat ttg gac gec act gat 3120 
Arg Lys Pro Ala Glu Pro Thr Lys Pro Asn Asn Leu Asp Ala Thr Asp 
1025 1030 1035 1040 

ata aat cgt ttg aaa gat ggg tec gtc acc tgc att aaa tec taa 3165 
He Asn Arg Leu Lys Asp Gly Ser Val Thr Cys He Lys Ser 
1045 1050 
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<210> 10 
<211> 1054 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 10 

Met Pro Pro Leu Phe Lys Gly Leu Lys Gin Met Ala Lys Pro lie Ala 
15 10 15 

Tyr Val Ser Arg Phe Ser Ala Lys Arg Pro lie His He He Leu Phe 
20 25 30 

Ser Leu He He Ser Ala Phe Ala Tyr Leu Ser Val He Gin Tyr Tyr 
35 40 45 

Phe Asn Gly Trp Gin Leu Asp Ser Asn Ser Val Phe Glu Thr Ala Pro 
50 55 60 

Asn Lys Asp Phe Asn Thr Leu Phe Gin Glu Cys Ser His Tyr Tyr Arg 
65 70 75 80 

Asp Ser Ser Leu Asp Gly Trp Val Ser He Thr Ala His Glu Ala Ser 

85 90 95 

Glu Leu Pro Ala Pro His His Tyr Tyr Leu Leu Asn Leu Asn Phe Asn 
100 105 110 

Ser Pro Asn Glu Thr Asp Ser He Pro Glu Leu Ala Asn Thr Val Phe 
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Glu Lys Asp Asn Thr Lys Tyr He Leu Gin Glu Asp Leu Ser Val Ser 
130 135 140 

Lys Glu He Ser Ser Thr Asp Gly Thr Lys Trp Arg Leu Arg Ser Asp 
145 150 155 160 

Arg Lys Ser Leu Phe Asp Val Lys Thr Leu Ala Tyr Ser Leu Tyr Asp 
165 170 175 

Val Phe Ser Glu Asn Val Thr Gin Ala Asp Pro Phe Asp Val Leu lie 
180 185 190 

Met Val Thr Ala Tyr Leu Met Met Phe Tyr Thr lie Phe Gly Leu Phe 
195 200 205 

Asn Asp Met Arg Lys Thr Gly Ser Asn Phe Trp Leu Ser Ala Ser Thr 
210 215 220 

Val Val Asn Ser Ala Ser Ser Leu Phe Leu Ala Leu Tyr Val Thr Gin 
225 230 235 240 

Cys He Leu Gly Lys Glu Val Ser Ala Leu Thr Leu Phe Glu Gly Leu 
245 250 255 

Pro Phe lie Val Val Val Val Gly Phe Lys His Lys He Lys He Ala 
260 265 270 

Gin Tyr Ala Leu Glu Lys Phe Glu Arg Val Gly Leu Ser Lys Arg He 
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280 
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285 



Thr Thr Asp Glu He Val Phe Glu Ser Val Ser Glu Glu Gly Gly Arg 
290 295 300 

Leu He Gin Asp His Leu Leu Cys lie Phe Ala Phe lie Gly Cys Ser 
305 310 315 320 

Met Tyr Ala His Gin Leu Lys Thr Leu Thr Asn Phe Cys lie Leu Ser 
325 330 335 

Ala Phe lie Leu lie Phe Glu Leu He Leu Thr Pro Thr Phe Tyr Ser 
340 345 350 

Ala He Leu Ala Leu Arg Leu Glu Met Asn Val He His Arg Ser Thr 
355 360 365 

He lie Lys Gin Thr Leu Glu Glu Asp Gly Val Val Pro Ser Thr Ala 
370 375 380 

Arg He lie Ser Lys Ala Glu Lys Lys Ser Val Ser Ser Phe Leu Asn 
385 390 395 400 

Leu Ser Val Val Val He He Met Lys Leu Ser Val He Leu Leu Phe 
405 410 415 

Val Phe lie Asn Phe Tyr Asn Phe Gly Ala Asn Trp Val Asn Asp Ala 
420 425 430 

Phe Asn Ser Leu Tyr Phe Asp Lys Glu Arg Val Ser Leu Pro Asp Phe 
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He Thr Ser Asn Ala Ser Glu Asn Phe Lys Glu Gin Ala He Val Ser 
450 455 460 

Val Thr Pro Leu Leu Tyr Tyr Lys Pro He Lys Ser Tyr Gin Arg lie 
465 470 475 480 

Glu Asp Met Val Leu Leu Leu Leu Arg Asn Val Ser Val Ala lie Arg 
485 490 495 

Asp Arg Phe Val Ser Lys Leu Val Leu Ser Ala Leu Val Cys Ser Ala 
500 505 510 

Val He Asn Val Tyr Leu Leu Asn Ala Ala Arg He His Thr Ser Tyr 
515 520 525 

Thr Ala Asp Gin Leu Val Lys Thr Glu Val Thr Lys Lys Ser Phe Thr 
530 535 540 

Ala Pro Val Gin Lys Ala Ser Thr Pro Val Leu Thr Asn Lys Thr Val 
545 550 555 560 

He Ser Gly Ser Lys Val Lys Ser Leu Ser Ser Ala Gin Ser Ser Ser 
565 570 575 

Ser Gly Pro Ser Ser Ser Ser Glu Glu Asp Asp Ser Arg Asp He Glu 
580 585 590 

Ser Leu Asp Lys Lys lie Arg Pro Leu Glu Glu Leu Glu Ala Ser Leu 
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605 



Ser Ser Gly Asn Thr Lys Gin Leu Lys Asn Lys Glu Val Ala Ala Leu 
610 615 620 

Val He His Gly Lys Leu Pro Leu Tyr Ala Leu Glu Lys Lys Leu Gly 
625 630 635 640 

Asp Thr Thr Arg Ala Val Ala Val Arg Arg Lys Ala Leu Ser He Leu 
645 650 655 

Ala Glu Ala Pro Val Leu Ala Ser Asp Arg Leu Pro Tyr Lys Asn Tyr 
660 665 670 

Asp Tyr Asp Arg Val Phe Gly Ala Cys Cys Glu Asn Val He Gly Tyr 
675 680 685 

Met Pro Leu Pro Val Gly Val He Gly Pro Leu Val He Asp Gly Thr 
690 695 700 

Ser Tyr His He Pro Met Ala Thr Thr Glu Gly Cys Leu Val Ala Ser 
705 710 715 720 

Ala Met Arg Gly Cys Lys Ala He Asn Ala Gly Gly Gly Ala Thr Thr 
725 730 735 

Val Leu Thr Lys Asp Gly Met Thr Arg Gly Pro Val Val Arg Phe Pro 
740 745 750 

Thr Leu Lys Arg Ser Gly Ala Cys Lys lie Trp Leu Asp Ser Glu Glu 
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755 760 765 

Gly Gin Asn Ala He Lys Lys Ala Phe Asn Ser Thr Ser Arg Phe Ala 
770 775 780 

Arg Leu Gin His He Gin Thr Cys Leu Ala Gly Asp Leu Leu Phe Met 
785 790 795 800 

Arg Phe Arg Thr Thr Thr Gly Asp Ala Met Gly Met Asn Met He Ser 
805 810 815 

Lys Gly Val Glu Tyr Ser Leu Lys Gin Met Val Glu Glu Tyr Gly Trp 
820 825 830 

Glu Asp Met Glu Val Val Ser Val Ser Gly Asn Tyr Cys Thr Asp Lys 
835 840 845 

Lys Pro Ala Ala He Asn Trp He Glu Gly Arg Gly Lys Ser Val Val 
850 855 860 

Ala Glu Ala Thr lie Pro Gly Asp Val Val Arg Lys Val Leu Lys Ser 
865 870 875 880 

Asp Val Ser Ala Leu Val Glu Leu Asn He Ala Lys Asn Leu Val Gly 
885 890 895 

Ser Ala Met Ala Gly Ser Val Gly Gly Phe Asn Ala Arg Ala Ala Asn 
900 905 910 

Leu Val Thr Ala Val Phe Leu Ala Leu Gly Gin Asp Pro Ala Gin Asn 
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925 



Val Glu Ser Ser Asn Cys He Thr Leu Met Lys Glu Val Asp Gly Asp 

930 935 940 

Leu Arg lie Ser Val Ser Met Pro Ser He Glu Val Gly Thr He Gly 

945 950 955 960 

Gly Gly Thr Val Leu Glu Pro Gin Gly Ala Met Leu Asp Leu Leu Gly 

965 970 975 

Val Arg Gly Pro His Ala Thr Ala Pro Gly Thr Asa Ala Arg Gin Leu 

980 985 990 

Ala Arg lie Val Ala Cys Ala Val Leu Ala Gly Glu Leu Ser Leu Cys 

995 1000 1005 

Ala Ala Leu Ala Ala Gly His Leu Val Gin Ser His Met Thr His Asn 

1010 1015 1020 

Arg Lys Pro Ala Glu Pro Thr Lys Pro Asn Asn Leu Asp Ala Thr Asp 

1025 1030 1035 1040 

He Asn Arg Leu Lys Asp Gly Ser Val Thr Cys He Lys Ser 

1045 1050 



<210> 11 
<211> 3165 
<212> DNA 
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<220> 

<221> CDS 

<222> (1).. (3162) 

<400> 11 

atg ccg ccg eta ttc aag gga ctg aaa cag atg gca aag cca att gec 48 

Met Pro Pro Leu Phe Lys Gly Leu Lys Gin Met Ala Lys Pro lie Ala 
15 10 15 

tat gtt tea aga ttt teg gcg aaa cga cca att cat ata ata ctt ttt 96 
Tyr Val Ser Arg Phe Ser Ala Lys Arg Pro He His He He Leu Phe 
20 25 30 

tct eta ate ata tec gca ttc get tat eta tec gtc att cag tat tac 144 
Ser Leu He He Ser Ala Phe Ala Tyr Leu Ser Val lie Gin Tyr Tyr 
35 40 45 

ttc aat ggt tgg caa eta gat tea aat agt gtt ttt gaa act get cca 192 
Phe Asn Gly Trp Gin Leu Asp Ser Asn Ser Val Phe Glu Thr Ala Pro 
50 55 60 

aat aaa gac tec aac act eta ttt caa gaa tgt tec cat tac tac aga 240 
Asn Lys Asp Ser Asn Thr Leu Phe Gin Glu Cys Ser His Tyr Tyr Arg 
65 70 75 80 

gat tec tct eta gat ggt tgg gta tea ate ace gcg cat gaa get agt 288 
Asp Ser Ser Leu Asp Gly Trp Val Ser He Thr Ala His Glu Ala Ser 

85 90 95 
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gag tta cca gcc cca cac cat tac tat eta tta aac ctg aac ttc aat 336 
Glu Leu Pro Ala Pro His His Tyr Tyr Leu Leu Asn Leu Asn Phe Asn 
100 105 110 

agt cct aat gaa act gac tec att cca gaa eta get aac acg gtt ttt 384 

Ser Pro Asn Glu Thr Asp Ser He Pro Glu Leu Ala Asn Thr Val Phe 
115 120 125 

gag aaa gat aat aca aaa tat att ctg caa gaa gat etc age gtt tec 432 

Glu Lys Asp Asn Thr Lys Tyr He Leu Gin Glu Asp Leu Ser Val Ser 
130 135 140 

aaa gaa att tct tct act gat gga acg aaa tgg agg tta aga agt gac 480 

Lys Glu He Ser Ser Thr Asp Gly Thr Lys Trp Arg Leu Arg Ser Asp 

145 150 155 160 

aga aaa agt ctt ttc gac gta aag acg tta gca tat tct etc tac gat 528 

Arg Lys Ser Leu Phe Asp Val Lys Thr Leu Ala Tyr Ser Leu Tyr Asp 
165 170 175 

gta ttt tea gaa aat gta acc caa gca gac ccg ttt gac gtc ctt att 576 

Val Phe Ser Glu Asn Val Thr Gin Ala Asp Pro Phe Asp Val Leu He 
180 185 190 

atg gtt act gcc tac eta atg atg ttc tac acc ata ttc ggc etc ttc 624 

Met Val Thr Ala Tyr Leu Met Met Phe Tyr Thr He Phe Gly Leu Phe 
195 200 205 



aat gac atg agg aag acc ggg tea aat ttt tgg ttg age gcc tct aca 672 
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Asn Asp Met Arg Lys Thr Gly Ser Asn Phe Trp Leu Ser Ala Ser Thr 
210 215 220 



gtg gtc aat tct gca tea tea ctt ttc tta gca ttg tat gtc ace caa 720 

Val Val Asn Ser Ala Ser Ser Leu Phe Leu Ala Leu Tyr Val Thr Gin 
225 230 235 240 

tgt att eta ggc aaa gaa gtt tec gca tta act ctt ttt gaa ggt ttg 768 

Cys He Leu Gly Lys Glu Val Ser Ala Leu Thr Leu Phe Glu Gly Leu 
245 250 255 

cct ttc att gta gtt gtt gtt ggt ttc aag cac aaa ate aag att gec 816 

Pro Phe lie Val Val Val Val Gly Phe Lys His Lys He Lys He Ala 
260 265 270 

cag tat gec ctg gag aaa ttt gaa aga gtc ggt tta tct aaa agg att 864 
Gin Tyr Ala Leu Glu Lys Phe Glu Arg Val Gly Leu Ser Lys Arg He 
275 280 285 

act acc gat gaa ate gtt ttt gaa tec gtg age gaa gag ggt ggt cgt 912 

Thr Thr Asp Glu He Val Phe Glu Ser Val Ser Glu Glu Gly Gly Arg 

290 295 300 

ttg att caa gac cat ttg ctt tgt att ttt gec ttt ate gga tgc tct 960 

Leu He Gin Asp His Leu Leu Cys He Phe Ala Phe He Gly Cys Ser 
305 310 315 320 

atg tat get cac caa ttg aag act ttg aca aac ttc tgc ata tta tea 1008 

Met Tyr Ala His Gin Leu Lys Thr Leu Thr Asn Phe Cys He Leu Ser 
325 330 335 
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gca ttt ate eta att ttc gaa ttg att tta act cct aca ttt tat tct 1056 
Ala Phe He Leu He Phe Glu Leu He Leu Thr Pro Thr Phe Tyr Ser 
340 345 350 

get ate tta gcg ctt aga ctg gaa atg aat gtt ate cac aga tct act 1104 
Ala He Leu Ala Leu Arg Leu Glu Met Asn Val lie His Arg Ser Thr 
355 360 365 

att ate aag caa aca tta gaa gaa gac ggt gtt gtt cca tct aca gca 1152 
lie He Lys Gin Thr Leu Glu Glu Asp Gly Val Val Pro Ser Thr Ala 
370 375 380 

aga ate att tct aag gca gaa aag aaa tec gta tct tct ttc tta aat 1200 
Arg lie lie Ser Lys Ala Glu Lys Lys Ser Val Ser Ser Phe Leu Asn 
385 390 395 • 400 

etc agt gtg gtt gtc att ate atg aaa etc tct gtc ata ctg ttg ttc 1248 
Leu Ser Val Val Val He lie Met Lys Leu Ser Val He Leu Leu Phe 
405 410 415 

gtc ttc ate aac ttt tat aac ttt ggt gca aat tgg gtc aat gat gec 1296 
Val Phe He Asn Phe Tyr Asn Phe Gly Ala Asn Trp Val Asn Asp Ala 
420 425 430 

ttc aat tea ttg tac ttc gat aag gaa cgt gtt tct eta cca gat ttt 1344 ' 
Phe Asn Ser Leu Tyr Phe Asp Lys Glu Arg Val Ser Leu Pro Asp Phe 
435 440 445 

att acc teg aat gee tct gaa aac ttt aaa gag caa get att gtt agt 1392 
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He Thr Ser Asn Ala Ser Glu Asn Phe Lys Glu Gin Ala He Val Ser 
450 455 460 



gtc acc cca tta tta tat tac aaa ccc att aag tec tac caa cgc att 1440 
Yal Thr Pro Leu Leu Tyr Tyr Lys Pro He Lys Ser Tyr Gin Arg He 
465 470 475 480 

gag gat atg gtt ctt eta ttg ctt cgt aat gtc agt gtt gec att cgt 1488 
Glu Asp Met Val Leu Leu Leu Leu Arg Asn Val Ser Val Ala He Arg 
485 490 495 

gat agg ttc gtc agt aaa tta gtt ctt tec gee tta gta tgc agt get 1536 
Asp Arg Phe Val Ser Lys Leu Val Leu Ser Ala Leu Val Cys Ser Ala 
500 505 510 

gtc ate aat gtg tat tta tta aat get get aga att cat acc agt tat 1584 
Val He Asn Val Tyr Leu Leu Asn Ala Ala Arg lie His Thr Ser Tyr 
515 520 525 

act gca gac caa ttg gtg aag act gaa gtc acc aag aag tct ttt act 1632 
Thr Ala Asp Gin Leu Val Lys Thr Glu Val Thr Lys Lys Ser Phe Thr 
530 535 540 

get cct gta caa aag get tct aca cca gtt tta acc aat aaa aca gtc 1680 
Ala Pro Val Gin Lys Ala Ser Thr Pro Val Leu Thr Asn Lys Thr Val 
545 550 555 560 

att tct gga teg aaa gtc aaa agt tta tea tct gcg caa teg age tea 1728 
He Ser Gly Ser Lys Val Lys Ser Leu Ser Ser Ala Gin Ser Ser Ser 
565 570 575 
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tea gga cct tea tea tct agt gag gaa gat gat tec cgc gat att gaa 1776 
Ser Gly Pro Ser Ser Ser Ser Glu Glu Asp Asp Ser Arg Asp lie Glu 
580 585 590 

age ttg gat aag aaa ata cgt cct tta gaa gaa tta gaa gca tta tta 1824 
Ser Leu Asp Lys Lys He Arg Pro Leu Glu Glu Leu Glu Ala Leu Leu 
595 600 605 

agt agt gga aat aca aaa caa ttg aag aac aaa gag gtc get gec ttg 1872 
Ser Ser Gly Asn Thr Lys Gin Leu Lys Asn Lys Glu Val Ala Ala Leu 
610 615 620 

gtt att cac ggt aag tta cct ttg tac get ttg gag aaa aaa tta ggt 1920 
Val He His Gly Lys Leu Pro Leu Tyr Ala Leu Glu Lys Lys Leu Gly 
625 630 635 640 

gat act acg aga gcg gtt gcg gta cgt agg aag get ctt tea att ttg 1968 
Asp Thr Thr Arg Ala Val Ala Val Arg Arg Lys Ala Leu Ser lie Leu 
645 650 655 

gca gaa get cct gta tta gca tct gat cgt tta cca tat aaa aat tat 2016 
Ala Glu Ala Pro Val Leu Ala Ser Asp Arg Leu Pro Tyr Lys Asn Tyr 
660 665 670 

gac tac gac cgc gta ttt ggc get tgt tgt gaa aat gtt ata ggt tac 2064 
Asp Tyr Asp Arg Val Phe Gly Ala Cys Cys Glu Asn Val He Gly Tyr 
675 680 685 



atg cct ttg ccc gtt ggt gtt ata ggc ccc ttg gtt ate gat ggt aca 
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Met Pro Leu Pro Val Gly Val He 
690 695 
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Gly Pro Leu Val He Asp Gly Thr 
700 



tct tat cat ata cca atg gca act aca gag ggt tgt ttg gta get tct 2160 
Ser Tyr His He Pro Met Ala Thr Thr Glu Gly Cys Leu Val Ala Ser 
705 710 715 720 

gec atg cgt ggc tgt aag gca ate aat get ggc ggt ggt gca aca act 2208 
Ala Met Arg Gly Cys Lys Ala He Asn Ala Gly Gly Gly Ala Thr Thr 
725 730 735 

gtt tta act aag gat ggt atg aca aga ggc cca gta gtc cgt ttc cca 2256 
Val Leu Thr Lys Asp Gly Met Thr Arg Gly Pro Val Val Arg Phe Pro 
740 745 750 

act ttg aaa aga tct ggt gec tgt aag ata tgg tta gac tea gaa gag 2304 
Thr Leu Lys Arg Ser Gly Ala Cys Lys He Trp Leu Asp Ser Glu Glu 
755 760 765 

gga caa aac gca att aaa aaa get ttt aac tct aca tea aga ttt gca 2352 
Gly Gin Asn Ala He Lys Lys Ala Phe Asn Ser Thr Ser Arg Phe Ala 
770 775 780 

cgt ctg caa cat att caa act tgt eta gca gga gat tta etc ttc atg 2400 
Arg Leu Gin His He Gin Thr Cys Leu Ala Gly Asp Leu Leu Phe Met 
785 790 795 800 

aga ttt aga aca act act ggt gac gca atg ggt atg aat atg att tct 2448 
Arg Phe Arg Thr Thr Thr Gly Asp Ala Met Gly Met Asn Met He Ser 
805 810 815 

56/157 



WO 02/053746 



PCT/JP01/11214 



aag ggt gtc gaa tac tea tta aag caa atg gta gaa gag tat ggc tgg 2496 
Lys Gly Val Glu Tyr Ser Leu Lys Gin Met Val Glu Glu Tyr Gly Trp 
820 825 830 

gaa gat atg gag gtt gtc tec gtt tct ggt aac tac tgt acc gac aaa 2544 
Glu Asp Met Glu Val Val Ser Val Ser Gly Asn Tyr Cys Thr Asp Lys 
835 840 845 

aaa cca get gee ate aac tgg ate gaa ggt cgt ggt aag agt gtc gtc 2592 
Lys Pro Ala Ala He Asn Trp He Glu Gly Arg Gly Lys Ser Val Val 
850 855 860 

gca gaa get act att cct ggt gat gtt gtc aga aaa gtg tta aaa agt 2640 
Ala Glu Ala Thr He Pro Gly Asp Val Val Arg Lys Val Leu Lys Ser 
865 870 875 880 

gat gtt tec gca ttg gtt gag ttg aac att get aag aat ttg gtt gga 2688 
Asp Val Ser Ala Leu Val Glu Leu Asn lie Ala Lys Asn Leu Val Gly 
885 890 895 

tct gca atg get ggg tct gtt ggt gga ttt aac gca cat gca get aat 2736 
Ser Ala Met Ala Gly Ser Val Gly Gly Phe Asn Ala His Ala Ala Asn 
900 905 910 

tta gtg aca get gtt ttc ttg gca tta gga caa gat cct gca caa aat 2784 
Leu Val Thr Ala Val Phe Leu Ala Leu Gly Gin Asp Pro Ala Gin Asn 
915 920 925 



gtc gaa agt tec aac tgt ata aca ttg atg aaa gaa gtg gac ggt gat 2832 
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Val Glu Ser Ser Asn Cys He Thr Leu Met Lys Glu Val Asp Gly Asp 
930 935 940 

ttg aga att tec gta tec atg cca tec ate gaa gta ggt ace ate ggt 2880 
Leu Arg lie Ser Val Ser Met Pro Ser He Glu Val Gly Thr lie Gly 
945 950 955 960 

ggt ggt act gtt eta gaa cca caa ggt gee atg ttg gac tta tta ggt 2928 
Gly Gly Thr Val Leu Glu Pro Gin Gly Ala Met Leu Asp Leu Leu Gly 
965 970 975 

gta aga ggc cca cat get ace get cct ggt acc aac gca cgt caa tta 2976 
Val Arg Gly Pro His Ala Thr Ala Pro Gly Thr Asn Ala Arg Gin Leu 
980 985 990 

gca aga ata gtt gee tgt gec gtc ttg gca ggt gaa tta tec tta'tgt 3024 
Ala Arg He Val Ala Cys Ala Val Leu Ala Gly Glu Leu Ser Leu Cys 
995 1000 1005 

get gec eta gca gec ggc cat ttg gtt caa agt cat atg acc cac aac 3072 
Ala Ala Leu Ala Ala Gly His Leu Val Gin Ser His Met Thr His Asn 
1010 1015 1020 

agg aaa cct get gaa cca aca aaa cct aac aat ttg gac gee act gat 3120 
Arg Lys Pro Ala Glu Pro Thr Lys Pro Asn Asn Leu Asp Ala Thr Asp 
1025 1030 1035 1040 

ata aat cgt ttg aaa gat ggg tec gtc acc tgc att aaa tec taa 3165 
He Asn Arg Leu Lys Asp Gly Ser Val Thr Cys lie Lys Ser 
1045 1050 
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<210> 12 
<211> 1054 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 12 

Met Pro Pro Leu Phe Lys Gly Leu Lys Gin Met Ala Lys Pro lie Ala 
15 10 15 

Tyr Val Ser Arg Phe Ser Ala Lys Arg Pro He His lie lie Leu Phe 
20 25 30 

Ser Leu He He Ser Ala Phe Ala Tyr Leu Ser Val lie Gin Tyr Tyr 
35 40 45 

Phe Asn Gly Trp Gin Leu Asp Ser Asn Ser Val Phe Glu Thr Ala Pro 
50 55 60 

Asn Lys Asp Ser Asn Thr Leu Phe Gin Glu Cys Ser His Tyr Tyr Arg 
65 70 75 80 

Asp Ser Ser Leu Asp Gly Trp Val Ser He Thr Ala His Glu Ala Ser 

85 90 95 

Glu Leu Pro Ala Pro His His Tyr Tyr Leu Leu Asn Leu Asn Phe Asn 
100 105 110 

Ser Pro Asn Glu Thr Asp Ser lie Pro Glu Leu Ala Asn Thr Val Phe 
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125 



Glu Lys Asp Asn Thr Lys Tyr He Leu Gin Glu Asp Leu Ser Val Ser 
130 135 140 

Lys Glu He Ser Ser Thr Asp Gly Thr Lys Trp Arg Leu Arg Ser Asp 
145 150 155 160 

Arg Lys Ser Leu Phe Asp Val Lys Thr Leu Ala Tyr Ser Leu Tyr Asp 
165 170 175 

Val Phe Ser Glu Asn Val Thr Gin Ala Asp Pro Phe Asp Val Leu He 
180 185 190 

Met Val Thr Ala Tyr Leu Met Met Phe Tyr Thr He Phe Gly Leu Phe 
195 200 205 

Asn Asp Met Arg Lys Thr Gly Ser Asn Phe Trp Leu Ser Ala Ser Thr 
210 215 220 

Val Val Asn Ser Ala Ser Ser Leu Phe Leu Ala Leu Tyr Val Thr Gin 
225 230 235 240 

Cys He Leu Gly Lys Glu Val Ser Ala Leu Thr Leu Phe Glu Gly Leu 
245 250 255 

Pro Phe lie Val Val Val Val Gly Phe Lys His Lys He Lys He Ala 
260 265 270 

Gin Tyr Ala Leu Glu Lys Phe Glu Arg Val Gly Leu Ser Lys Arg He 
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285 



Thr Thr Asp Glu He Val Phe Glu Ser Val Ser Glu Glu Gly Gly Arg 
290 295 300 

Leu He Gin Asp His Leu Leu Cys He Phe Ala Phe He Gly Cys Ser 
305 310 315 320 

Met Tyr Ala His Gin Leu Lys Thr Leu Thr Asn Phe Cys He Leu Ser 
325 330 335 

Ala Phe He Leu He Phe Glu Leu He Leu Thr Pro Thr Phe Tyr Ser 
340 345 350 

Ala He Leu Ala Leu Arg Leu Glu Met Asn Val He His Arg Ser Thr 
355 360 365 

He He Lys Gin Thr Leu Glu Glu Asp Gly Val Val Pro Ser Thr Ala 
370 375 380 

Arg He He Ser Lys Ala Glu Lys Lys Ser Val Ser Ser Phe Leu Asn 
385 390 395 400 

Leu Ser Val Vai Val He He Met Lys Leu Ser Val He Leu Leu Phe 
405 410 415 

Val Phe He Asn Phe Tyr Asn Phe Gly Ala Asn Trp Val Asn Asp Ala 
420 425 430 

Phe Asn Ser Leu Tyr Phe Asp Lys Glu Arg Val Ser Leu Pro Asp Phe 
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435 440 445 

He Thr Ser Asn Ala Ser Glu Asn Phe Lys Glu Gin Ala He Val Ser 
450 455 460 

Val Thr Pro Leu Leu Tyr Tyr Lys Pro He Lys Ser Tyr Gin Arg He 
465 470 475 480 

Glu Asp Met Val Leu Leu Leu Leu Arg Asn Val Ser Val Ala He Arg 
485 490 495 

Asp Arg Phe Val Ser Lys Leu Val Leu Ser Ala Leu Val Cys Ser Ala 
500 505 510 

Val He Asn Val Tyr Leu Leu Asn Ala Ala Arg He His Thr Ser Tyr 
515 520 525 

Thr Ala Asp Gin Leu Val Lys Thr Glu Val Thr Lys Lys Ser Phe Thr 
530 535 540 

Ala Pro Val Gin Lys Ala Ser Thr Pro Val Leu Thr Asn Lys Thr Val 
545 550 555 560 

He Ser Gly Ser Lys Val Lys Ser Leu Ser Ser Ala Gin Ser Ser Ser 
565 570 575 

Ser Gly Pro Ser Ser Ser Ser Glu Glu Asp Asp Ser Arg Asp He Glu 
580 585 590 

Ser Leu Asp Lys Lys lie Arg Pro Leu Glu Glu Leu Glu Ala Leu Leu 
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595 600 605 

Ser Ser Gly Asn Thr Lys Gin Leu Lys Asn Lys Glu Val Ala Ala Leu 
610 615 620 

Val He His Gly Lys Leu Pro Leu Tyr Ala Leu Glu Lys Lys Leu Gly 
625 630 635 640 

Asp Thr Thr Arg Ala Val Ala Val Arg Arg Lys Ala Leu Ser He Leu 
645 650 655 

Ala Glu Ala Pro Val Leu Ala Ser Asp Arg Leu Pro Tyr Lys Asn Tyr 
660 665 670 

Asp Tyr Asp Arg Val Phe Gly Ala Cys Cys Glu Asn Val lie Gly Tyr 
675 680 685 

Met Pro Leu Pro Val Gly Val lie Gly Pro Leu Val He Asp Gly Thr 
690 695 700 

Ser Tyr His He Pro Met Ala Thr Thr Glu Gly Cys Leu Val Ala Ser 
705 710 715 720 

Ala Met Arg Gly Cys Lys Ala He Asn Ala Gly Gly Gly Ala Thr Thr 
725 730 735 

Val Leu Thr Lys Asp Gly Met Thr Arg Gly Pro Val Val Arg Phe Pro 
740 745 750 

Thr Leu Lys Arg Ser Gly Ala Cys Lys He Trp Leu Asp Ser Glu Glu 
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765 



Gly Gin Asn Ala lie Lys Lys Ala Phe Asn Ser Thr Ser Arg Phe Ala 
770 775 780 

Arg Leu Gin His He Gin Thr Cys Leu Ala Gly Asp Leu Leu Phe Met 
785 790 795 800 

Arg Phe Arg Thr Thr Thr Gly Asp Ala Met Gly Met Asn Met lie Ser 
805 810 815 

Lys Gly Val Glu Tyr Ser Leu Lys Gin Met Val Glu Glu Tyr Gly Trp 
820 ' 825 830 

Glu Asp Met Glu Val Val Ser Val Ser Gly Asn Tyr Cys Thr Asp Lys 
835 840 845 

Lys Pro Ala Ala lie Asn Trp He Glu Gly Arg Gly Lys Ser Val Val 
850 855 860 

Ala Glu Ala Thr He Pro Gly Asp Val Val Arg Lys Val Leu Lys Ser 
865 870 875 880 

Asp Val Ser Ala Leu Val Glu Leu Asn He Ala Lys Asn Leu Val Gly 
885 890 895 

Ser Ala Met Ala Gly Ser Val Gly Gly Phe Asn Ala His Ala Ala Asn 
900 905 910 

Leu Val Thr Ala Val Phe Leu Ala Leu Gly Gin Asp Pro Ala Gin Asn 
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925 



Val Glu Ser Ser Asn Cys He Thr Leu Met Lys Glu Val Asp Gly Asp 
930 935 940 

Leu Arg lie Ser Val Ser Met Pro Ser He Glu Val Gly Thr He Gly 
945 950 955 960 

Gly Gly Thr Val Leu Glu Pro Gin Gly Ala Met Leu Asp Leu Leu Gly 
965 970 975 

Val Arg Gly Pro His Ala Thr Ala Pro Gly Thr Asn Ala Arg Gin Leu 
980 985 990 

Ala Arg He Val Ala Cys Ala Val Leu Ala Gly Glu Leu Ser Leu Cys 
995 1000 1005 

Ala Ala Leu Ala Ala Gly His Leu Val Gin Ser His Met Thr His Asn 
1010 1015 1020 

Arg Lys Pro Ala Glu Pro Thr Lys Pro Asn Asn Leu Asp Ala Thr Asp 
1025 1030 1035 1040 

He Asn Arg Leu Lys Asp Gly Ser Val Thr Cys He Lys Ser 
1045 1050 



<210> 13 
<211> 2925 
<212> DNA 
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<213> Saccharomyces cerevisiae 
<400> 13 

atgccgccgc tattcaaggg actgaaacag 

ttttcggcga aacgaccaat tcatataata 

tatctatccg tcattcagta ttacttcaat 

gaaactgctc caaataaaga cttcaacact 

gattcctctc tagatggttg ggtatcaatc 

ccacaccatt actatctatt aaacctgaac 

ccagaactag ctaacacggt ttttgagaaa 

ctcagcgttt ccaaagaaat ttcttctact 

agaaaaagtc ttttcgacgt aaagacgtta 

aatgtaaccc aagcagacca caaaatcaag 

agagtcggtt tatctaaaag gattactacc 

gagggtggtc gtttgattca agaccatttg 

atgtatgctc accaattgaa gactttgaca 

attttcgaat tgattttaac tcctacattt 
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atggcaaagc caattgccta tgtttcaaga 60 
cttttttctc taatcatatc cgcattcgct 120 
ggttggcaac tagattcaaa tagtgttttt 180 
ctatttcaag aatgttccca ttactacaga 240 
accgcgcatg aagctagtga gttaccagcc 300 
ttcaatagtc ctaatgaaac tgactccatt 360 
gataatacaa aatatattct gcaagaagat 420 
gatggaacga aatggaggtt aagaagtgac 480 
gcatattctc tctacgatgt attttcagaa 540 
attgcccagt atgccctgga gaaatttgaa 600 
gatgaaatcg tttttgaatc cgtgagcgaa 660 
ctttgtattt ttgcctttat cggatgctct 720 
aacttctgca tattatcagc atttatccta 780 
tattctgcta tcttagcgct tagactggaa 840 
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atgaatgtta tccacagatc tactattatc aagcaaacat tagaagaaga cggtgttgtt 900 
ccatctacag caagaatcat ttctaaggca gaaaagaaat ccgtatcttc tttcttaaat 960 
ctcagtgtgg ttgtcattat catgaaactc tctgtcatac tgttgttcgt cttcatcaac 1020 
ttttataact ttggtgcaaa ttgggtcaat gatgccttca attcattgta cttcgataag 1080 
gaacgtgttt ctctaccaga ttttattacc tcgaatgcct ctgaaaactt taaagagcaa 1140 
gctattgtta gtgtcacccc attattatat tacaaaccca ttaagtccta ccaacgcatt 1200 
gaggatatgg ttcttctatt gcttcgtaat gtcagtgttg ccattcgtga taggttcgtc 1260 
agtaaattag ttctttccgc cttagtatgc agtgctgtca tcaatgtgta tttattaaat 1320 
gctgctagaa ttcataccag ttatactgca gaccaattgg tgaagactga agtcaccaag 1380 
aagtctttta ctgctcctgt acaaaaggct tctacaccag ttttaaccaa taaaacagtc 1440 
atttctggat cgaaagtcaa aagtttatca tctgcgcaat cgagctcatc aggaccttca 1500 
tcatctagtg aggaagatga ttcccgcgat attgaaagct tggataagaa aatacgtcct 1560 
ttagaagaat tagaagcatc attaagtagt ggaaatacaa aacaattgaa gaacaaagag 1620 
gtcgctgcct tggttattca cggtaagtta cctttgtacg ctttggagaa aaaattaggt 1680 
gatactacga gagcggttgc ggtacgtagg aaggctcttt caattttggc agaagctcct 1740 
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gtattagcat ctgatcgttt accatataaa aattatgact acgaccgcgt atttggcgct 1800 
tgttgtgaaa atgttatagg ttacatgcct ttgcccgttg gtgttatagg ccccttggtt 1860 
atcgatggta catcttatca tataccaatg gcaactacag agggttgttt ggtagcttct 1920 
gccatgcgtg gctgtaaggc aatcaatgct ggcggtggtg caacaactgt tttaactaag 1980 
gatggtatga caagaggccc agtagtccgt ttcccaactt tgaaaagatc tggtgcctgt 2040 
aagatatggt tagactcaga agagggacaa aacgcaatta aaaaagcttt taactctaca 2100 
tcaagatttg cacgtctgca acatattcaa acttgtctag caggagattt actcttcatg 2160 
agatttagaa caactactgg tgacgcaatg ggtatgaata tgatttct.aa gggtgtcgaa 2220 
tactcattaa agcaaatggt agaagagtat ggctgggaag atatggaggt tgtctccgtt 2280 
tctggtaact actgtaccga caaaaaacca gctgccatca actggatcga aggtcgtggt 2340 
aagagtgtcg tcgcagaagc tactattcct ggtgatgttg tcagaaaagt gttaaaaagt 2400 
gatgtttccg cattggttga gttgaacatt gctaagaatt tggttggatc tgcaatggct 2460 
gggtctgttg gtggatttaa cgcacgtgca gctaatttag tgacagctgt tttcttggca 2520 
ttaggacaag atcctgcaca aaatgtcgaa agttccaact gtataacatt gatgaaagaa 2580 
gtggacggtg atttgagaat ttccgtatcc atgccatcca tcgaagtagg taccatcggt 2640 
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ggtggtactg ttctagaacc acaaggtgcc 
catgctaccg ctcctggtac caacgcacgt 
ttggcaggtg aattatcctt atgtgctgcc 
atgacccaca acaggaaacc tgctgaacca 
ataaatcgtt tgaaagatgg gtccgtcacc 

<210> 14 
<211> 3090 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 14 

atgccgccgc tattcaaggg actgaaacag 
ttttcggcga aacgaccaat tcatataata 
tatctatccg tcattcagta ttacttcaat 
gaaactgctc caaataaaga cttcaacact 
gattcctctc tagatggttg ggtatcaatc 
ccacaccatt actatctatt aaacctgaac 
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atgttggact tattaggtgt aagaggccca 2700 
caattagcaa gaatagttgc ctgtgccgtc 2760 
ctagcagccg gccatttggt tcaaagtcat 2820 
acaaaaccta acaatttgga cgccactgat 2880 
tgcattaaat cctaa 2925 



atggcaaagc caattgccta tgtttcaaga 60 
cttttttctc taatcatatc cgcattcgct 120 
ggttggcaac tagattcaaa tagtgttttt 180 
ctatttcaag aatgttccca ttactacaga 240 
accgcgcatg aagctagtga gttaccagcc 300 
ttcaatagtc ctaatgaaac tgactccatt 360 
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ccagaactag ctaacacggt ttttgagaaa gataatacaa aatatattct gcaagaagat 420 
ctcagcgttt ccaaagaaat ttcttctact gatggaacga aatggaggtt aagaagtgac 480 
agaaaaagtc ttttcgacgt aaagacgtta gcatattctc tctacgatgt attttcagaa 540 
aatgtaaccc aagcagaccc gtttgacgtc cttattatgg ttactgccta cctaatgatg 600 
ttctacacca tattcggcct cttcaatgac atgaggaaga ccgggtcaaa tttttggttg 660 
agcgcctcta cagtggtcaa ttctgcatca tcacttttct tagcattgta tgtcacccaa 720 
tgtattctag gcaaagaagt ttccgcatta actctttttg aaggtttgcc tttcattgta 780 
gttgttgttg gtttcaagca caaaatcaag attgcccagt atgccctgga gaaatttgaa 840 
agagtcggtt tatctaaaag gattactacc gatgaaatcg tttttgaatc cgtgagcgaa 900 
gagggtggtc gtttgattca agaccatttg ctttgtattt ttgcctttat cggatgctct 960 
atgtatgctc accaattgaa gactttgaca aacttctgca tattatcagc atttatccta 1020 
attttcgaat tgattttaac tcctacattt tattctgcta tcttagcgct tagactggaa 1080 
atgaatgtta tccacagatc tactattatc aagcaaacat tagaagaaga cggtgttgtt 1140 
ccatctacag caagaatcat ttctaaggca gaaaagaaat ccgtatcttc taactttggt 1200 
gcaaattggg tcaatgatgc cttcaattca ttgtacttcg ataaggaacg tgtttctcta 1260 
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ccagatttta ttacctcgaa tgcctctgaa aactttaaag agcaagctat tgttagtgtc 1320 
accccattat tatattacaa acccattaag tcctaccaac gcattgagga tatggttctt 1380 
ctattgcttc gtaatgtcag tgttgccatt cgtgataggt tcgtcagtaa attagttctt 1440 
tccgccttag tatgcagtgc tgtcatcaat gtgtatttat taaatgctgc tagaattcat 1500 
accagttata ctgcagacca attggtgaag actgaagtca ccaagaagtc ttttactgct 1560 
cctgtacaaa aggcttctac accagtttta accaataaaa cagtcatttc tggatcgaaa 1620 
gtcaaaagtt tatcatctgc gcaatcgagc tcatcaggac cttcatcatc tagtgaggaa 1680 
gatgattccc gcgatattga aagcttggat aagaaaatac gtcctttaga agaattagaa 1740 
gcatcattaa gtagtggaaa tacaaaacaa ttgaagaaca aagaggtcgc tgccttggtt 1800 
attcacggta agttaccttt gtacgctttg gagaaaaaat taggtgatac tacgagagcg 1860 
gttgcggtac gtaggaaggc tctttcaatt ttggcagaag ctcctgtatt agcatctgat 1920 
cgtttaccat ataaaaatta tgactacgac cgcgtatttg gcgcttgttg tgaaaatgtt 1980 
ataggttaca tgcctttgcc cgttggtgtt ataggcccct tggttatcga tggtacatct 2040 
tatcatatac caatggcaac tacagagggt tgtttggtag cttctgccat gcgtggctgt 2100 
aaggcaatca atgctggcgg tggtgcaaca actgttttaa ctaaggatgg tatgacaaga 2160 
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ggcccagtag tccgtttccc aactttgaaa agatctggtg cctgtaagat atggttagac 2220 
tcagaagagg gacaaaacgc aattaaaaaa gcttttaact ctacatcaag atttgcacgt 2280 
ctgcaacata ttcaaacttg tctagcagga gatttactct tcatgagatt tagaacaact 2340 
actggtgacg caatgggtat gaatatgatt tctaagggtg tcgaatactc attaaagcaa 2400 
atggtagaag agtatggctg ggaagatatg gaggttgtct ccgtttctgg taactactgt 2460 
accgacaaaa aaccagctgc catcaactgg atcgaaggtc gtggtaagag tgtcgtcgca 2520 
gaagctacta ttcctggtga tgttgtcaga aaagtgttaa aaagtgatgt ttccgcattg 2580 
gttgagttga acattgctaa gaatttggtt ggatctgcaa tggctgggtc tgttggtgga 2640 
tttaacgcac gtgcagctaa tttagtgaca gctgttttct tggcattagg acaagatcct 2700 
gcacaaaatg tcgaaagttc caactgtata acattgatga aagaagtgga cggtgatttg 2760 
agaatttccg tatccatgcc atccatcgaa gtaggtacca tcggtggtgg tactgttcta 2820 
gaaccacaag gtgccatgtt ggacttatta ggtgtaagag gcccacatgc taccgctcct 2880 
ggtaccaacg cacgtcaatt agcaagaata gttgcctgtg ccgtcttggc aggtgaatta 2940 
tccttatgtg ctgccctagc agccggccat ttggttcaaa gtcatatgac ccacaacagg 3000 
aaacctgctg aaccaacaaa acctaacaat ttggacgcca ctgatataaa tcgtttgaaa 3060 
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gatgggtccg tcacctgcat taaatcctaa 



3090 



<210> 15 
<211> 2973 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 15 

atgccgccgc tattcaaggg actgaaacag atggcaaagc caattgccta tgtttcaaga 60 
ttttcggcga aacgaccaat tcatataata cttttttctc taatcatatc cgcattcgct 120 
tatctatccg tcattcagta ttacttcaat ggttggcaac tagattcaaa tagtgttttt 180 
gaaactgctc caaataaaga cttcaacact ctatttcaag aatgttccca ttactacaga 240 
gattcctctc tagatggttg ggtatcaatc accgcgcatg aagctagtga gttaccagcc 300 
ccacaccatt actatctatt aaacctgaac ttcaatagtc ctaatgaaac tgactccatt 360 
ccagaactag ctaacacggt ttttgagaaa gataatacaa aatatattct gcaagaagat 420 
ctcagcgttt ccaaagaaat ttcttctact gatggaacga aatggaggtt aagaagtgac 480 
agaaaaagtc ttttcgacgt aaagacgtta gcatattctc tctacgatgt attttcagaa 540 
aatgtaaccc aagcagaccc gtttgacgtc cttattatgg ttactgccta cctaatgatg 600 
ttctacacca tattcggcct cttcaatgac atgaggaaga ccgggtcaaa tttttggttg 660 
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agcgcctcta cagtggtcaa ttctgcatca tcacttttct tagcattgta tgtcacccaa 720 
tgtattctag gcaaagaagt ttccgcatta actctttttg aaggtttgcc tttcattgta 780 
gttgttgttg gtttcaagca caaaatcaag attgcccagt atgccctgga gaaatttgaa 840 
agagtcggtt tatctaaaag gattactacc gatgaaatcg tttttgaatc cgtgagcgaa 900 
gagggtggtc gtttgattca agaccatttg ctttgtattt ttgcctttat cggatgctct 960 
atgtatgctc accaattgaa gactttgaca aacttctgca tattatcagc atttatccta 1020 
attttcgaat tgattttaac tcctacattt tattctgcta tcttagcgct tagactggaa 1080 
atgaatgtta tccacagatc tactattatc aagcaaacat tagaagaaga cggtgttgtt 1140 
ccatctacag caagaatcat ttctaaggca gaaaagaaat ccgtatcttc tttcttaaat 1200 
ctcagtgtgg ttgtcattat catgaaactc tctgtcatac tgttgttcgt cttcatcaac 1260 
ttttataact ttggtgcaaa ttgggtcaat gatgccttca attcattgta cttcgataag 1320 
gaacgtgttt ctctaccaga ttttattacc tcgaatgcct ctgaaaactt taaagagcaa 1380 
cataccagtt atactgcaga ccaattggtg aagactgaag tcaccaagaa gtcttttact 1440 
gctcctgtac aaaaggcttc tacaccagtt ttaaccaata aaacagtcat ttctggatcg 1500 
aaagtcaaaa gtttatcatc tgcgcaatcg agctcatcag gaccttcatc atctagtgag 1560 
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gaagatgatt cccgcgatat tgaaagcttg gataagaaaa tacgtccttt agaagaatta 1620 
gaagcatcat taagtagtgg aaatacaaaa caattgaaga acaaagaggt cgctgccttg 1680 
gttattcacg gtaagttacc tttgtacgct ttggagaaaa aattaggtga tactacgaga 1740 
gcggttgcgg tacgtaggaa ggctctttca attttggcag aagctcctgt attagcatct 1800 
gatcgtttac catataaaaa ttatgactac gaccgcgtat ttggcgcttg ttgtgaaaat 1860 
gttataggtt acatgccttt gcccgttggt gttataggcc ccttggttat cgatggtaca 1920 
tcttatcata taccaatggc aactacagag ggttgtttgg tagcttctgc catgcgtggc 1980 
tgtaaggcaa tcaatgctgg cggtggtgca acaactgttt taactaagga tggtatgaca 2040 
agaggcccag tagtccgttt cccaactttg aaaagatctg gtgcctgtaa gatatggtta 2100 
gactcagaag agggacaaaa cgcaattaaa aaagctttta actctacatc aagatttgca 2160 
cgtctgcaac atattcaaac ttgtctagca ggagatttac tcttcatgag atttagaaca 2220 
actactggtg acgcaatggg tatgaatatg atttctaagg gtgtcgaata ctcattaaag 2280 
caaatggtag aagagtatgg ctgggaagat atggaggttg tctccgtttc tggtaactac 2340 
tgtaccgaca aaaaaccagc tgccatcaac tggatcgaag gtcgtggtaa gagtgtcgtc 2400 
gcagaagcta ctattcctgg tgatgttgtc agaaaagtgt taaaaagtga tgtttccgca 2460 
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ttggttgagt tgaacattgc taagaatttg gttggatctg caatggctgg gtctgttggt 2520 

ggatttaacg cacgtgcagc taatttagtg acagctgttt tcttggcatt aggacaagat 2580 
cctgcacaaa atgtcgaaag ttccaactgt ataacattga tgaaagaagt ggacggtgat 2640 

ttgagaattt ccgtatccat gccatccatc gaagtaggta ccatcggtgg tggtactgtt 2700 

ctagaaccac aaggtgccat gttggactta ttaggtgtaa gaggcccaca tgctaccgct 2760 

cctggtacca acgcacgtca attagcaaga atagttgcct gtgccgtctt ggcaggtgaa 2820 

ttatccttat gtgctgccct agcagccggc catttggttc aaagtcatat gacccacaac 2880 

aggaaacctg ctgaaccaac aaaacctaac aatttggacg ccactgatat aaatcgtttg 2940 

aaagatgggt ccgtcacctg cattaaatcc taa 2973 



<210> 16 
<211> 2457 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 16 

atgccgccgc tattcaaggg actgaaacag atggcaaagc caattgccta tgtttcaaga 60 
ttttcggcga aacgaccaat tcatataata cttttttctc taatcatatc cgcattcgct 120 
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tatctatccg tcattcagta ttacttcaat ggttggcaac tagattcaaa tagtgttttt 180 
gaaactgctc caaataaaga cttcaacact ctatttcaag aatgttccca ttactacaga 240 
gattcctctc tagatggttg ggtatcaatc accgcgcatg aagctagtga gttaccagcc 300 
ccacaccatt actatctatt aaacctgaac ttcaatagtc ctaatgaaac tgactccatt 360 
ccagaactag ctaacacggt ttttgagaaa gataatacaa aatatattct gcaagaagat 420 
ctcagcgttt ccaaagaaat ttcttctact gatggaacga aatggaggtt aagaagtgac 480 
agaaaaagtc ttttcgacgt aaagacgtta gcatattctc tctacgatgt attttcagaa 540 
aatgtaaccc aagcagacaa ctttggtgca aattgggtca atgatgcctt caattcattg 600 
tacttcgata aggaacgtgt ttctctacca gattttatta cctcgaatgc ctctgaaaac 660 
tttaaagagc aagctattgt tagtgtcacc ccattattat attacaaacc cattaagtcc 720 
taccaacgca ttgaggatat ggttcttcta ttgcttcgta atgtcagtgt tgccattcgt 780 
gataggttcg tcagtaaatt agttctttcc gccttagtat gcagtgctgt catcaatgtg 840 
tatttattaa atgctgctag aattcatacc agttatactg cagaccaatt ggtgaagact 900 
gaagtcacca agaagtcttt tactgctcct gtacaaaagg cttctacacc agttttaacc 960 
aataaaacag tcatttctgg atcgaaagtc aaaagtttat catctgcgca atcgagctca 1020 
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tcaggacctt catcatctag tgaggaagat gattcccgcg atattgaaag cttggataag 1080 
aaaatacgtc ctttagaaga attagaagca tcattaagta gtggaaatac aaaacaattg 1140 
aagaacaaag aggtcgctgc cttggttatt cacggtaagt tacctttgta cgctttggag 1200 
aaaaaattag gtgatactac gagagcggtt gcggtacgta ggaaggctct ttcaattttg 1260 
gcagaagctc ctgtattagc atctgatcgt ttaccatata aaaattatga ctacgaccgc 1320 
gtatttggcg cttgttgtga aaatgttata ggttacatgc ctttgcccgt tggtgttata 1380 
ggccccttgg ttatcgatgg tacatcttat catataccaa tggcaactac agagggttgt 1440 
ttggtagctt ctgccatgcg tggctgtaag gcaatcaatg ctggcggtgg tgcaacaact 1500 
gttttaacta aggatggtat gacaagaggc ccagtagtcc gtttcccaac tttgaaaaga 1560 
tctggtgcct gtaagatatg gitagactca gaagagggac aaaacgcaat taaaaaagct 1620 
tttaactcta catcaagatt tgcacgtctg caacatattc aaacttgtct agcaggagat 1680 
ttactcttca tgagatttag aacaactact ggtgacgcaa tgggtatgaa tatgatttct 1740 
aagggtgtcg aatactcatt aaagcaaatg gtagaagagt atggctggga agatatggag 1800 
gttgtctccg tttctggtaa ctactgtacc gacaaaaaac cagctgccat caactggatc 1860 
gaaggtcgtg gtaagagtgt cgtcgcagaa gctactattc ctggtgatgt tgtcagaaaa 1920 
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gtgttaaaaa gtgatgtttc cgcattggtt gagttgaaca ttgctaagaa tttggttgga 1980 
tctgcaatgg ctgggtctgt tggtggattt aacgcacgtg cagctaattt agtgacagct 2040 
gttttcttgg cattaggaca agatcctgca caaaatgtcg aaagttccaa ctgtataaca 2100 
ttgatgaaag aagtggacgg tgatttgaga atttccgtat ccatgccatc catcgaagta 2160 
ggtaccatcg gtggtggtac tgttctagaa ccacaaggtg ccatgttgga cttattaggt 2220 
gtaagaggcc cacatgctac cgctcctggt accaacgcac gtcaattagc aagaatagtt 2280 
gcctgtgccg tcttggcagg tgaattatcc ttatgtgctg ccctagcagc cggccatttg 2340 
gttcaaagtc atatgaccca caacaggaaa cctgctgaac caacaaaacc taacaatttg 2400 
gacgccactg atataaatcg tttgaaagat gggtccgtca cctgcattaa atcctaa 2457 



<210> 17 
<211> 2151 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 17 

atgccgccgc tattcaaggg actgaaacag atggcaaagc caattgccta tgtttcaaga 60 
ttttcggcga aacgaccaat tcatataata cttttttctc taatcatatc cgcattcgct 120 
tatctatccg tcattcagta ttacttcaat ggttggcaac tagattcaaa tagtgttttt 180 
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eaaactgc.c caaataaaga cttcaacact ctatttcaag aatg.tccca ttactacaga 240 
sattcctc.c t aga t g gttg g8tatcaatc accgcgca(g ^ 

ccacaccatt actatctatt aaacc.gaac Ucaa.agtc ctaatgaaac tgactccatt 360 
ccagaactag ctaacaogg, t „tgagaaa gataa.acaa aatatattct gcaagaagat 420 
ctcMc.lt. ccaaagaaa, ttcttctact gatggaacga aatggagg,, aagaagtgac 480 
agaaaaagtc ttttcgacgt aaagacgtta gcatattctc tcUcgatgt attttcagaa 540 
aatgtaaccc aagcagacca taccagttat actgcagacc aattgg.gaa gactgaagtc 600 
accaagaagt cmtactgc tcctgUcaa aaggcttcta caccagmt aaccaataaa 060 
acagtcatt, otggatcgaa agtcaaaag. ttatcatc.g cgcaatcgag ctcatcagga 720 
cc.tcatcat ctagtgagga agatgattcc cgcgatattg aaagct.gga taagaaaata 780 
cgtcct.tag aagaat.aga agcatcat.a agtagtggaa a.acaaaaca attgaagaac 840 
aaagaggtcg ctgccttggt U.tcacggt aag t «acc t( tgtacgcttt ggagaaaaaa 900 
ttaggtgata ctacgagagc ggttgcggta cgtaggaagg ctctttcaat tttggcagaa 960 
ectcctgtat tagcatctga tcg ttt acca tataaaaatt atgactacga ccgcg.attt .020 
«c«ct t ,„ g,g aaaatgt tataggttac a(gcctttgc ccg(tggt8( ta(aggcccc jo8() 
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ttggttatcg atggtacatc ttatcatata ccaatggcaa ctacagaggg ttgtttggta 1140 
gcttctgcca tgcgtggctg taaggcaatc aatgctggcg gtggtgcaac aactgtttta 1200 
actaaggatg gtatgacaag aggcccagta gtccgtttcc caactttgaa aagatctggt 1260 
gcctgtaaga tatggttaga ctcagaagag ggacaaaacg caattaaaaa agcttttaac 1320 
tctacatcaa gatttgcacg tctgcaacat attcaaactt gtctagcagg agatttactc 1380 
ttcatgagat ttagaacaac tactggtgac gcaatgggta tgaatatgat ttctaagggt 1440 
gtcgaatact cattaaagca aatggtagaa gagtatggct gggaagatat ggaggttgtc 1500 
tccgtttctg gtaactactg taccgacaaa aaaccagctg ccatcaactg gatcgaaggt 1560 
cgtggtaaga gtgtcgtcgc agaagctact attcctggtg atgttgtcag aaaagtgtta 1620 
aaaagtgatg tttccgcatt ggttgagttg aacattgcta agaatttggt tggatctgca 1680 
atggctgggt ctgttggtgg atttaacgca cgtgcagcta atttagtgac agctgttttc 1740 
ttggcattag gacaagatcc tgcacaaaat gtcgaaagtt ccaactgtat aacattgatg 1800 
aaagaagtgg acggtgattt gagaatttcc gtatccatgc catccatcga agtaggtacc 1860 
atcggtggtg gtactgttct agaaccacaa ggtgccatgt tggacttatt aggtgtaaga 1920 
ggcccacatg ctaccgctcc tggtaccaac gcacgtcaat tagcaagaat agttgcctgt 1980 
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gccgtcttgg caggtgaatt atccttatgt gctgccctag cagccggcca tttggttcaa 2040 
agtcatatga cccacaacag gaaacctgct gaaccaacaa aacctaacaa tttggacgcc 2100 
actgatataa atcgtttgaa agatgggtcc gtcacctgca ttaaatccta a 2151 



<210> 18 
<211> 1620 
<212> MA 

<213> Saccharomyces cerevisiae 
<400> 18 

atgccgccgc tattcaaggg actgaaacat accagttata ctgcagacca attggtgaag 60 
actgaagtca ccaagaagtc ttttactgct cctgtacaaa aggcttctac accagtttta 120 
accaataaaa cagtcatttc tggatcgaaa gtcaaaagtt tatcatctgc gcaatcgagc 180 
tcatcaggac cttcatcatc tagtgaggaa gatgattccc gcgatattga aagcttggat 240 
aagaaaatac gtcctttaga agaattagaa gcatcattaa gtagtggaaa tacaaaacaa 300 
ttgaagaaca aagaggtcgc tgccttggtt attcacggta agttaccttt gtacgctttg 360 
gagaaaaaat taggtgatac tacgagagcg gttgcggtac gtaggaaggc tctttcaatt 420 
ttggcagaag ctcctgtatt agcatctgat cgtttaccat ataaaaatta tgactacgac 480 
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cgcgtatttg gcgcttgttg tgaaaatgtt 
ataggcccct tggttatcga tggtacatct 
tgtttggtag cttctgccat gcgtggctgt 
actgttttaa ctaaggatgg tatgacaaga 
agatctggtg cctgtaagat atggttagac 
gcttttaact ctacatcaag atttgcacgt 
gatttactct tcatgagatt tagaacaact 
tctaagggtg tcgaatactc attaaagcaa 
gaggttgtct ccgtttctgg taactactgt 
atcgaaggtc gtggtaagag tgtcgtcgca 
aaagtgttaa aaagtgatgt ttccgcattg 
ggatctgcaa tggctgggtc tgttggtgga 
gctgttttct tggcattagg acaagatcct 
acattgatga aagaagtgga cggtgatttg 
gtaggtacca tcggtggtgg tactgttcta 



PCT/JP01/11214 

ataggttaca tgcctttgcc cgttggtgtt 540 
tatcatatac caatggcaac tacagagggt 600 
aaggcaatca atgctggcgg tggtgcaaca 660 
ggcccagtag tccgtttccc aactttgaaa 720 
tcagaagagg gacaaaacgc aattaaaaaa 780 
ctgcaacata ttcaaacttg tctagcagga 840 
actggtgacg caatgggtat gaatatgatt 900 
atggtagaag agtatggctg ggaagatatg 960 
accgacaaaa aaccagctgc catcaactgg 1020 
gaagctacta ttcctggtga tgttgtcaga 1080 
gttgagttga acattgctaa gaatttggtt 1140 
tttaacgcac gtgcagctaa tttagtgaca 1200 
gcacaaaatg tcgaaagttc caactgtata 1260 
agaatttccg tatccatgcc atccatcgaa 1320 
gaaccacaag gtgccatgtt ggacttatta 1380 
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ggtgtaagag gcccacatgc taccgctcct 
gttgcctgtg ccgtcttggc aggtgaatta 
ttggttcaaa gtcatatgac ccacaacagg 
ttggacgcca ctgatataaa tcgtttgaaa 

<210> 19 
<211> 1377 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 19 

atgccgccgc tattcaaggg actgaaagca 

aagaacaaag aggtcgctgc cttggttatt 

aaaaaattag gtgatactac gagagcggtt 

gcagaagctc ctgtattagc atctgatcgt 

gtatttggcg cttgttgtga aaatgttata 

ggccccttgg ttatcgatgg tacatcttat 

ttggtagctt ctgccatgcg tggctgtaag 

gttttaacta aggatggtat gacaagaggc 



PCT/JP01/11214 

ggtaccaacg cacgtcaatt agcaagaata 1440 

tccttatgtg ctgccctagc agccggccat 1500 

aaacctgctg aaccaacaaa acctaacaat 1560 

gatgggtccg tcacctgcat taaatcctaa 1620 



tcattaagta gtggaaatac aaaacaattg 60 
cacggtaagt tacctttgta cgctttggag 120 
gcggtacgta ggaaggctct ttcaattttg 180 
ttaccatata aaaattatga ctacgaccgc 240 
ggttacatgc ctttgcccgt tggtgttata 300 
catataccaa tggcaactac agagggttgt 360 
gcaatcaatg ctggcggtgg tgcaacaact 420 
ccagtagtcc gtttcccaac tttgaaaaga 480 

84/157 



WO 02/053746 PCT/JP01/11214 

tctggtgcct gtaagatatg gttagactca gaagagggac aaaacgcaat taaaaaagct 540 
tttaactcta catcaagatt tgcacgtctg caacatattc aaacttgtct agcaggagat 600 
ttactcttca tgagatttag aacaactact ggtgacgcaa tgggtatgaa tatgatttct 660 
aagggtgtcg aatactcatt aaagcaaatg gtagaagagt atggctggga agatatggag 720 
gttgtctccg tttctggtaa ctactgtacc gacaaaaaac cagctgccat caactggatc 780 
gaaggtcgtg gtaagagtgt cgtcgcagaa gctactattc ctggtgatgt tgtcagaaaa 840 
gtgttaaaaa gtgatgtttc cgcattggtt gagttgaaca ttgctaagaa tttggttgga 900 
tctgcaatgg ctgggtctgt tggtggattt aacgcacgtg cagctaattt agtgacagct 960 
gttttcttgg cattaggaca agatcctgca caaaatgtcg aaagttccaa ctgtataaca 1020 
ttgatgaaag aagtggacgg tgatttgaga atttccgtat ccatgccatc catcgaagta 1080 
ggtaccatcg gtggtggtac tgttctagaa ccacaaggtg ccatgttgga cttattaggt 1140 
gtaagaggcc cacatgctac cgctcctggt accaacgcac gtcaattagc aagaatagtt 1200 
gcctgtgccg tcttggcagg tgaattatcc ttatgtgctg ccctagcagc cggccatttg 1260 
gttcaaagtc atatgaccca caacaggaaa cctgctgaac caacaaaacc taacaatttg 1320 
gacgccactg atataaatcg tttgaaagat gggtccgtca cctgcattaa atcctaa 1377 
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<210> 20 
<211> 1302 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 20 

atgccgccgc tattcaaggg actgaaacct ttgtacgctt tggagaaaaa attaggtgat 60 

actacgagag cggttgcggt acgtaggaag gctctttcaa ttttggcaga agctcctgta 120 

ttagcatctg atcgtttacc atataaaaat tatgactacg accgcgtatt tggcgcttgt 180 

tgtgaaaatg ttataggtta catgcctttg cccgttggtg ttataggccc cttggttatc 240 

gatggtacat cttatcatat accaatggca actacagagg gttgtttggt agcttctgcc 300 

atgcgtggct gtaaggcaat caatgctggc ggtggtgcaa caactgtttt aactaaggat 360 

ggtatgacaa gaggcccagt agtccgtttc ccaactttga aaagatctgg tgcctgtaag 420 

atatggttag actcagaaga gggacaaaac gcaattaaaa aagcttttaa ctctacatca 480 

agatttgcac gtctgcaaca tattcaaact tgtctagcag gagatttact cttcatgaga 540 

tttagaacaa ctactggtga cgcaatgggt atgaatatga tttctaaggg tgtcgaatac 600 

tcattaaagc aaatggtaga agagtatggc tgggaagata tggaggttgt ctccgtttct 660 
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ggtaactact gtaccgacaa aaaaccagct 
agtgtcgtcg cagaagctac tattcctggt 
gtttccgcat tggttgagtt gaacattgct 
tctgttggtg gatttaacgc acgtgcagct 
ggacaagatc ctgcacaaaa tgtcgaaagt 
gacggtgatt tgagaatttc cgtatccatg 
ggtactgttc tagaaccaca aggtgccatg 
gctaccgctc ctggtaccaa cgcacgtcaa 
gcaggtgaat tatccttatg tgctgcccta 
acccacaaca ggaaacctgc tgaaccaaca 
aatcgtttga aagatgggtc cgtcacctgc 

<210> 21 
<211> 1203 
<212> DNA 

<213> Sac char omyces cerevisiae 
<400> 21 

atgccgccgc tattcaaggg actgaaatct 



PCT/JPO 1/1 1214 

gccatcaact ggatcgaagg tcgtggtaag 720 
gatgttgtca gaaaagtgtt aaaaagtgat 780 
aagaatttgg ttggatctgc aatggctggg 840 
aatttagtga cagctgtttt cttggcatta 900 
tccaactgta taacattgat gaaagaagtg 960 
ccatccatcg aagtaggtac catcggtggt 1020 
ttggacttat taggtgtaag aggcccacat 1080 
ttagcaagaa tagttgcctg tgccgtcttg 1140 
gcagccggcc atttggttca aagtcatatg 1200 
aaacctaaca atttggacgc cactgatata 1260 
attaaatcct aa 1302 



gatcgtttac catataaaaa ttatgactac 60 
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gaccgcgtat ttggcgcttg ttgtgaaaat 
gttataggcc ccttggttat cgatggtaca 
ggttgtttgg tagcttctgc catgcgtggc 
acaactgttt taactaagga tggtatgaca 
aaaagatctg gtgcctgtaa gatatggtta 
aaagctttta actctacatc aagatttgca 
ggagatttac tcttcatgag atttagaaca 
atttctaagg gtgtcgaata ctcattaaag 
atggaggttg tctccgtttc tggtaactac 
tggatcgaag gtcgtggtaa gagtgtcgtc 
agaaaagtgt taaaaagtga tgtttccgca 
gttggatctg caatggctgg gtctgttggt 
acagctgttt tcttggcatt aggacaagat 
ataacattga tgaaagaagt ggacggtgat 
gaagtaggta ccatcggtgg tggtactgtt 



PCT/JP01/11214 

gttataggtt acatgccttt gcccgttggt 120 
tcttatcata taccaatggc aactacagag 180 
tgtaaggcaa tcaatgctgg cggtggtgca 240 
agaggcccag tagtccgttt cccaactttg 300 
gactcagaag agggacaaaa cgcaattaaa 360 
cgtctgcaac atattcaaac ttgtctagca 420 
actactggtg acgcaatggg tatgaatatg 480 
caaatggtag aagagtatgg ctgggaagat 540- 
tgtaccgaca aaaaaccagc tgccatcaac 600 
gcagaagcta ctattcctgg tgatgttgtc 660 
ttggttgagt tgaacattgc taagaatttg 720 
ggatttaacg cacgtgcagc taatttagtg 780 
cctgcacaaa atgtcgaaag ttccaactgt 840 
ttgagaattt ccgtatccat gccatccatc 900 
ctagaaccac aaggtgccat gttggactta 960 
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ttaggtgtaa gaggcccaca tgctaccgct cctggtacca acgcacgtca attagcaaga 1020 
atagttgcct gtgccgtctt ggcaggtgaa ttatccttat gtgctgccct agcagccggc 1080 
catttggttc aaagtcatat gacccacaac aggaaacctg ctgaaccaac aaaacctaac 1140 
aatttggacg ccactgatat aaatcgtttg aaagatgggt ccgtcacctg cattaaatcc 1200 
taa 1203 



<210> 22 
<211> 975 
<212> DM 

<213> Sac char omyces cerevisiae 
<400> 22 

atgccgccgc tattcaaggg actgaaaaag gatggtatga caagaggccc agtagtccgt 60 
ttcccaactt tgaaaagatc tggtgcctgt aagatatggt tagactcaga agagggacaa 120 
aacgcaatta aaaaagcttt taactctaca tcaagatttg cacgtctgca acatattcaa 180 
acttgtctag caggagattt actcttcatg agatttagaa caactactgg tgacgcaatg 240 
ggtatgaata tgatttctaa gggtgtcgaa tactcattaa agcaaatggt agaagagtat 300 
ggctgggaag atatggaggt tgtctccgtt tctggtaact actgtaccga caaaaaacca 360 
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gctgccatca actggatcga aggtcgtggt 

ggtgatgttg tcagaaaagt gttaaaaagt 

gctaagaatt tggttggatc tgcaatggct 

gctaatttag tgacagctgt tttcttggca 

agttccaact gtataacatt gatgaaagaa 

atgccatcca tcgaagtagg taccatcggt 

atgttggact tattaggtgt aagaggccca 

caattagcaa gaatagttgc ctgtgccgtc 

ctagcagccg gccatttggt tcaaagtcat 

acaaaaccta acaatttgga cgccactgat 
tgcattaaat cctaa 

<21-0> 23 
<211> 992 
<212> DM 

<213> Saccharomyces cerevisiae 
<400> 23 

ggatcctcta gctccctaac atgtaggtgg 
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aagagtgtcg tcgcagaagc tactattcct 420 
gatgtttccg cattggttga gttgaacatt 480 
gggtctgttg gtggatttaa cgcacgtgca 540 
ttaggacaag atcctgcaca aaatgtcgaa 600 
gtggacggtg atttgagaat ttccgtatcc 660 
ggtggtactg ttctagaacc acaaggtgcc 720 
catgctaccg ctcctggtac caacgcacgt 780 
ttggcaggtg aattatcctt atgtgctgcc 840 
atgacccaca acaggaaacc tgctgaacca 900 
ataaatcgtt tgaaagatgg gtccgtcacc 960 

975 



cggaggggag atatacaata gaacagatac 60 
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cagacaagac ataatgggct aaacaagact acaccaatta cactgcctca ttgatggtgg 120 
tacataacga actaatactg tagccctaga cttgatagcc atcatcatat cgaagtttca 180 
ctaccctttt tccatttgcc atctattgaa gtaataatag gcgcatgcaa cttcttttct 240 
ttttttttct tttctctctc ccccgttgtt gtctcaccat atccgcaatg acaaaaaaat 300 
gatggaagac actaaaggaa aaaattaacg acaaagacag caccaacaga tgtcgttgtt 360 
ccagagctga tgaggggtat ctcgaagcac acgaaacttt ttccttcctt cattcacgca 420 
cactactctc taatgagcaa cggtatacgg ccttccttcc agttacttga atttgaaata 480 
aaaaaagttt gctgtcttgc tatcaagtat aaatagacct gcaattatta atcttttgtt 540 
tcctcgtcat tgttctcgtt ccctttcttc cttgtttctt tttctgcaca atatttcaag 600 
ctataccaag catacaatca actggtaccc gggtcgactc gagctctaga ggttaactaa 660 
gcgaatttct tatgatttat gatttttatt attaaataag ttataaaaaa aataagtgta 720 
tacaaatttt aaagtgactc ttaggtttta aaacgaaaat tcttattctt gagtaactct 780 
ttcctgtagg tcaggttgct ttctcaggta tagcatgagg tcgctcttat tgaccacatc 840 
tctaccggca tgccgagcaa atgcctgcaa atcgctcccc atttcaccca attgtagata 900 
tgctaactcc agcaatgagt tgatgaatct cggtgtgtat tttatgtcct cagaggacaa 960 
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cacctgttgt aatcgttctt ccacacggat cc 992 



<210> 24 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic peptide 

<400> 24 
His Asp Glu Leu 
1 



<210> 25 
<211> 894 
<212> DNA 

<213> Bacillus stearothermophilus 
<400> 25 

gtggcgcagc tttcagttga acagtttctc aacgagcaaa aacaggcggt ggaaacagcg 60 
ctctcccgtt atatagagcg cttagaaggg ccggcgaagc tgaaaaaggc gatggcgtac 120 
tcattggagg ccggcggcaa acgaatccgt ccgttgctgc ttctgtccac cgttcgggcg 180 
ctcggcaaag acccggcggt cggattgccc gtcgcctgcg cgattgaaat gatccatacg 240 
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tactctttga tccatgatga tttgccgagc atggacaacg atgatttgcg gcgcggcaag 300 
ccgacgaacc ataaagtgtt cggcgaggcg atggccatct tggcggggga cgggttgttg 360 
acgtacgcgt ttcaattgat caccgaaatc gacgatgagc gcatccctcc ttccgtccgg 420 
cttcggctca tcgaacggct ggcgaaagcg gccggtccgg aagggatggt cgccggtcag 480 
gcagccgata tggaaggaga ggggaaaacg ctgacgcttt cggagctcga atacattcat 540 
cggcataaaa ccgggaaaat gctgcaatac agcgtgcacg ccggcgcctt gatcggcggc 600 
gctgatgccc ggcaaacgcg ggagcttgac gaattcgccg cccatctagg ccttgccttt 660 
caaattcgcg atgatattct cgatattgaa ggggcagaag aaaaaatcgg caagccggtc 720 
ggcagcgacc aaagcaacaa caaagcgacg tatccagcgt tgctgtcgct tgccggcgcg 780 
aaggaaaagt tggcgttcca tatcgaggcg gcgcagcgcc atttacggaa cgccgacgtt 840 
gacggcgccg cgctcgccta tatttgcgaa ctggtcgccg cccgcgacca ttaa 894 

<210> 26 
<211> 1197 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 26 
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atgtctcaga acgtttacat tgtatcgact gccagaaccc caattggttc attccagggt 60 

tctctatcct ccaagacagc agtggaattg ggtgctgttg ctttaaaagg cgccttggct 120 

aaggttccag aattggatgc atccaaggat tttgacgaaa ttatttttgg taacgttctt 180 

tctgccaatt tgggccaagc tccggccaga caagttgctt tggctgccgg tttgagtaat 240 

catatcgttg caagcacagt taacaaggtc tgtgcatccg ctatgaaggc aatcattttg 300 

ggtgctcaat ccatcaaatg tggtaatgct gatgttgtcg tagctggtgg ttgtgaatct 360 

atgactaacg caccatacta catgccagca gcccgtgcgg gtgccaaatt tggccaaact 420 

gttcttgttg atggtgtcga aagagatggg ttgaacgatg cgtacgatgg tctagccatg 480 

ggtgtacacg cagaaaagtg tgcccgtgat tgggatatta ctagagaaca acaagacaat 540 

tttgccatcg aatcctacca aaaatctcaa aaatctcaaa aggaaggtaa attcgacaat 600 

gaaattgtac ctgttaccat taagggattt agaggtaagc ctgatactca agtcacgaag 660 

gacgaggaac ctgctagatt acacgttgaa aaattgagat ctgcaaggac tgttttccaa 720 

aaagaaaacg gtactgttac tgccgctaac gcttctccaa tcaacgatgg tgctgcagcc 780 

gtcatcttgg tttccgaaaa agttttgaag gaaaagaatt tgaagccttt ggctattatc 840 

aaaggttggg gtgaggccgc tcatcaacca gctgatttta catgggctcc atctcttgca 900 
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gttccaaagg ctttgaaaca tgctggcatc gaagacatca attctgttga ttactttgaa 960 
ttcaatgaag ccttttcggt tgtcggtttg gtgaacacta agattttgaa gctagaccca 1020 
tctaaggtta atgtatatgg tggtgctgtt gctctaggtc acccattggg ttgttctggt 1080 
gctagagtgg ttgttacact gctatccatc ttacagcaag aaggaggtaa gatcggtgtt 1140 
gccgccattt gtaatggtgg tggtggtgct tcctctattg tcattgaaaa gatatga 1197 

<210> 27 
<211> 1476 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 27 

atgaaactct caactaaact ttgttggtgt ggtattaaag gaagacttag gccgcaaaag 60 

caacaacaat tacacaatac aaacttgcaa atgactgaac taaaaaaaca aaagaccgct 120 

gaacaaaaaa ccagacctca aaatgtcggt attaaaggta tccaaattta catcccaact 180 

caatgtgtca accaatctga gctagagaaa tttgatggcg tttctcaagg taaatacaca 240 

attggtctgg gccaaaccaa catgtctttt gtcaatgaca gagaagatat ctactcgatg 300 

tccctaactg ttttgtctaa gttgatcaag agttacaaca tcgacaccaa caaaattggt 360 

agattagaag tcggtactga aactctgatt gacaagtcca agtctgtcaa gtctgtcttg 420 
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atgcaattgt ttggtgaaaa cactgacgtc 
ggtggtacca acgcgttgtt caactctttg 
agagacgcca ttgtagtttg cggtgatatt 
accggtggtg ccggtactgt tgctatgtgg 
tctgtaagag cttcttacat ggaacacgcc 
gaatatcctt acgtcgatgg tcatttttca 
gtttacaaga gttattccaa gaaggctatt 
tcggatgctt tgaacgtttt gaaatatttc 
aaattggtca caaaatcata cggtagatta 
ttgttcccag aagttgacgc cgaattagct 
aagaacattg aaaaaacttt tgttaatgtt 
caatctttga ttgttccaac aaacacaggt 
tttgcatctc tattaaacta tgttggatct 
ttttcttacg gttccggttt agctgcatct 
caacatatta tcaaggaatt agatattact 
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gaaggtattg acacgcttaa tgcctgttac 480 
aactggattg aatctaacgc atgggatggt 540 
gccatctacg ataagggtgc cgcaagacca 600 
atcggtcctg atgctccaat tgtatttgac 660 
tacgattttt acaagccaga tttcaccagc 720 
ttaacttgtt acgtcaaggc tcttgatcaa 780 
tctaaagggt tggttagcga tcccgctggt 840 
gactacaacg ttttccatgt tccaacctgt 900 
ctatataacg atttcagagc caatcctcaa 960 
actcgcgatt atgacgaatc tttaaccgat 1020 
gctaagccat tccacaaaga gagagttgcc 1080 
aacatgtaca ccgcatctgt ttatgccgcc 1140 
gacgacttac aaggcaagcg tgttggttta 1200 
ctatattctt gcaaaattgt tggtgacgtc 1260 
aacaaattag ccaagagaat caccgaaact 1320 
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ccaaaggatt acgaagctgc catcgaattg agagaaaatg cccatttgaa gaagaacttc 1380 
aaacctcaag gttccattga gcatttgcaa agtggtgttt actacttgac caacatcgat 1440 
gacaaattta gaagatctta cgatgttaaa aaataa 1476 

<210> 28 
<211> 1332 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 28 

atgtcattac cgttcttaac ttctgcaccg ggaaaggtta ttatttttgg tgaacactct 60 
gctgtgtaca acaagcctgc cgtcgctgct agtgtgtctg cgttgagaac ctacctgcta 120 
ataagcgagt catctgcacc agatactatt gaattggact tcccggacat tagctttaat 180 
cataagtggt ccatcaatga tttcaatgcc atcaccgagg atcaagtaaa ctcccaaaaa 240 
ttggccaagg ctcaacaagc caccgatggc ttgtctcagg aactcgttag tcttttggat 300 
ccgttgttag ctcaactatc cgaatccttc cactaccatg cagcgttttg tttcctgtat 360 
atgtttgttt gcctatgccc ccatgccaag aatattaagt tttctttaaa gtctacttta 420 
cccatcggtg ctgggttggg ctcaagcgcc tctatttctg tatcactggc cttagctatg 480 
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gcctacttgg gggggttaat aggatctaat 

catatagtga atcaatgggc cttcataggt 

atagataacg ctgtggccac ttatggtaat 

ggaacaataa acacaaacaa ttttaagttc 

ctaacctata ctagaattcc aaggtctaca 

gtcaccgaga aatttcctga agttatgaag 

ctacaaggct tagagatcat gactaagtta 

gtagaaacta ataatgaact gtatgaacaa 

ctgcttgtct caatcggtgt ttctcatcct 

gatttgagaa ttggctccac aaaacttacc 

ttgttacgaa gagacattac tcaagagcaa 

gattttagtt acgagacatt tgaaacagac 

gcaaaaaatt tgaataaaga tcttaaaatc 

aaaactacca caaagcaaca aattgacgat 
tggacttcat aa 
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gacttggaaa agctgtcaga aaacgataag 540 
gaaaagtgta ttcacggtac cccttcagga 600 
gccctgctat ttgaaaaaga ctcacataat 660 
ttagatgatt tcccagccat tccaatgatc 720 
aaagatcttg ttgctcgcgt tcgtgtgttg 780 
ccaattctag atgccatggg tgaatgtgcc 840 
agtaaatgta aaggcaccga tgacgaggct 900 
ctattggaat tgataagaat aaatcatgga 960 
ggattagaac ttattaaaaa tctgagcgat 1020 
ggtgctggtg gcggcggttg ctctttgact 1080 
attgacagct tcaaaaagaa attgcaagat 1140 
ttgggtggga ctggctgctg tttgttaagc 1200 
aaatccctag tattccaatt atttgaaaat 1260 
ctattattgc caggaaacac gaatttacca 1320 

1332 
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<210> 29 

<211> 1356 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 29 

atgtcagagt tgagagcctt cagtgcccca 

gttttagata caaaatatga agcatttgta 

gcccatcctt acggttcatt gcaagggtct 

caatttaaag atggggagtg gctgtaccat 

tcgataggcg gatctaagaa ccctttcatt 

tttaaaccta acatggacga ctactgcaat 

gatgatgcct accattctca ggaggatagc 

agttttcatt cgcacagaat tgaagaagtt 

ttagtcacag ttttaactac agctttggcc 

gtagacaaat atagagaagt tattcataat 

ggtaaaattg gaagcgggtt tgatgtagcg 

agattcccac ccgcattaat ctctaatttg 
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gggaaagcgt tactagctgg tggatattta 60 

gtcggattat cggcaagaat gcatgctgta 120 

gataagtttg aagtgcgtgt gaaaagtaaa 180 

ataagtccta aaagtggctt cattcctgtt 240 

gaaaaagtta tcgctaacgt atttagctac 300 

agaaacttgt tcgttattga tattttctct 360 

gttaccgaac atcgtggcaa cagaagattg 420 

cccaaaacag ggctgggctc ctcggcaggt 480 

tccttttttg tatcggacct ggaaaataat 540 

ttagcacaag ttgctcattg tcaagctcag 600 

gcggcagcat atggatctat cagatataga 660 

ccagatattg gaagtgctac ttacggcagt 720 
99/157 . 
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aaactggcgc atttggttga tgaagaagac tggaatatta cgattaaaag taaccattta 780 
ccttcgggat taactttatg gatgggcgat attaagaatg gttcagaaac agtaaaactg 840 
gtccagaagg taaaaaattg gtatgattcg catatgccag aaagcttgaa aatatataca 900 
gaactcgatc atgcaaattc tagatttatg gatggactat ctaaactaga tcgcttacac 960 
gagactcatg acgattacag cgatcagata tttgagtctc ttgagaggaa tgactgtacc 1020 
tgtcaaaagt atcctgaaat cacagaagtt agagatgcag ttgccacaat tagacgttcc 1080 
tttagaaaaa taactaaaga atctggtgcc gatatcgaac ctcccgtaca aactagctta 1140 
ttggatgatt gccagacctt aaaaggagtt cttacttgct taatacctgg tgctggtggt 1200 
tatgacgcca ttgcagtgat tactaagcaa gatgttgatc ttagggctca aaccgctaat 1260 
gacaaaagat tttctaaggt tcaatggctg gatgtaactc aggctgactg gggtgttagg 1320 
aaagaaaaag atccggaaac ttatcttgat aaataa 1356 



<210> 30 
<211> 1191 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 30 
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atgaccgttt acacagcatc cgttaccgca cccgtcaaca tcgcaaccct taagtattgg 60 
gggaaaaggg acacgaagtt gaatctgccc accaattcgt ccatatcagt gactttatcg 120 
caagatgacc tcagaacgtt gacctctgcg gctactgcac ctgagtttga acgcgacact 180 
ttgtggttaa atggagaacc acacagcatc gacaatgaaa gaactcaaaa ttgtctgcgc 240 
gacctacgcc aattaagaaa ggaaatggaa tcgaaggacg cctcattgcc cacattatct 300 
caatggaaac tccacattgt ctccgaaaat aactttccta cagcagctgg tttagcttcc 360 
tccgctgctg gctttgctgc attggtctct gcaattgcta agttatacca attaccacag 420 
tcaacttcag aaatatctag aatagcaaga aaggggtctg gttcagcttg tagatcgttg 480 
tttggcggat acgtggcctg ggaaatggga aaagctgaag atggtcatga ttccatggca 540 
gtacaaatcg cagacagctc tgactggcct cagatgaaag cttgtgtcct agttgtcagc 600 
gatattaaaa aggatgtgag ttccactcag ggtatgcaat tgaccgtggc aacctccgaa 660 
ctatttaaag aaagaattga acatgtcgta ccaaagagat ttgaagtcat gcgtaaagcc 720 
attgttgaaa aagatttcgc cacctttgca aaggaaacaa tgatggattc caactctttc 780 
catgccacat gtttggactc tttccctcca atattctaca tgaatgacac ttccaagcgt 840 
atcatcagtt ggtgccacac cattaatcag ttttacggag aaacaatcgt tgcatacacg 900 
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tttgatgcag gtccaaatgc tgtgttgtac 
gcatttatct ataaattgtt tggctctgtt 
cagcttgagg ctttcaacca tcaatttgaa 
cttgagttgc aaaaggatgt tgccagagtg 
gaaacaaacg aatctttgat tgacgcaaag 

<210> 31 
<211> 867 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 31 

atgactgccg acaacaatag tatgccccat 
caaaaccaaa cacctgaaga cattttggaa 
agacctaata cccgatctag tgagacgtca 
ggtcatgatg aggagcaaat taagttaatg 
gataatgcta ttggtgccgg taccaagaaa 
ggtttactac atcgtgcatt ctccgtcttt 
caacaaagag ccactgaaaa aataactttc 
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tacttagctg aaaatgagtc gaaactcttt 960 
cctggatggg acaagaaatt tactactgag 1020 
tcatctaact ttactgcacg tgaattggat 1080 
attttaactc aagtcggttc aggcccacaa 1140 
actggtctac caaaggaata a 1191 



ggtgcagtat ctagttacgc caaattagtg 60 

gagtttcctg aaattattcc attacaacaa 120 

aatgacgaaa gcggagaaac atgtttttct 180 

aatgaaaatt gtattgtttt ggattgggac 240 

gtttgtcatt taatggaaaa tattgaaaag 300 

attttcaatg aacaaggtga attactttta 360 

cctgatcttt ggactaacac atgctgctct 420 
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catccactat gtattgatga cgaattaggt ttgaagggta agctagacga taagattaag 480 

ggcgctatta ctgcggcggt gagaaaacta gatcatgaat taggtattcc agaagatgaa 540 

actaagacaa ggggtaagtt tcacttttta aacagaatcc attacatggc accaagcaat 600 

gaaccatggg gtgaacatga aattgattac atcctatttt ataagatcaa cgctaaagaa 660 

aacttgactg tcaacccaaa cgtcaatgaa gttagagact tcaaatgggt ttcaccaaat 720 

gatttgaaaa ctatgtttgc tgacccaagt tacaagttta cgccttggtt taagattatt 780 

tgcgagaatt acttattcaa ctggtgggag caattagatg acctttctga agtggaaaat 840 
gacaggcaaa ttcatagaat gctataa 867 



<210> 32 
<211> 549 
<212> DNA 

<213> Escherichia coli 
<400> 32 

atgcaaacgg aacacgtcat tttattgaat gcacagggag ttcccacggg tacgctggaa 60 
aagtatgccg cacacacggc agacacccgc ttacatctcg cgttctccag ttggctgttt 120 
aatgccaaag gacaattatt agttacccgc cgcgcactga gcaaaaaagc atggcctggc 180 
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gtgtggacta actcggtttg tgggcaccca caactgggag aaagcaacga agacgcagtg 240 
atccgccgtt gccgttatga gcttggcgtg gaaattacgc ctcctgaatc tatctatcct 300 
gactttcgct accgcgccac cgatccgagt ggcattgtgg aaaatgaagt gtgtccggta 360 
tttgccgcac gcaccactag tgcgttacag atcaatgatg atgaagtgat ggattatcaa 420 
tggtgtgatt tagcagatgt attacacggt attgatgcca cgccgtgggc gttcagtccg 480 
tggatggtga tgcaggcgac aaatcgcgaa gccagaaaac gattatctgc atttacccag 540 
cttaaataa 549 



<210> 33 
<211> 900 
<212> DNA 

<213> Escherichia coli 

<220> 
<221> CDS 
<222> (1) . . (897) 

<400> 33 

atg gac ttt ccg cag caa etc gaa gee tgc gtt aag cag gee aac cag 48 
Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 
15 10 15 

gcg ctg age cgt ttt ate gee cca ctg ccc ttt cag aac act ccc gtg 96 
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Ala Leu Ser Arg Phe lie Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 
20 25 30 



gtc gaa acc atg cag tat ggc gca tta tta ggt ggt aag cgc ctg cga 144 
Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

cct ttc ctg gtt tat gcc acc ggt cat atg ttc ggc gtt age aca aac 192 
Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 

acg ctg gac gca ccc get gcc gcc gtt gaa tgc ate cac get gac tea 240 
Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys lie His Ala Asp Ser 
65 70 75 80 

tta att cat gat gat tta ccg gca atg gat gat gac gat ctg cgt cgc 288 
Leu He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

ggt ttg cca acc tgc cat gtg aag ttt ggc gaa gca aac gcg att etc 336 
Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala lie Leu 
100 105 110 

get ggc gac get tta caa acg ctg gcg ttc teg att tta age gat gcc 384 
Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

gat atg ccg gaa gtg teg gac cgc gac aga att teg atg att tct gaa 432 
Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
130 135 140 
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ctg gcg age gec agt ggt att gec gga atg tgc ggt ggt cag gca tta 
Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 



480 



gat tta gac gcg gaa ggc aaa cac gta cct ctg gac gcg ctt gag cgt 
Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 



528 



att cat cgt cat aaa acc ggc gca ttg att cgc gec gec gtt cgc ctt 
He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 
180 185 190 



576 



ggt gca tta age gec gga gat aaa gga cgt cgt get ctg ccg gta etc 
Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 



624 



gac aag tat gca gag age ate ggc ctt gee ttc cag gtt cag gat gac 
Asp Lys Tyr Ala Glu Ser lie Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 



672 



ate ctg gat gtg gtg gga gat act gca acg ttg gga aaa cgc cag ggt 720 
He Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 



gec gac cag caa ctt ggt aaa agt acc tac cct gca ctt ctg ggt ctt 768 
Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
245 250 255 



gag caa gec egg aag aaa gec egg gat ctg ate gac gat gee cgt cag 816 
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Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu He Asp Asp Ala Arg Gin 
260 265 270 



teg ctg aaa caa ctg get gaa cag tea etc gat ace teg gca ctg gaa 864 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

gcg eta gcg gac tac ate ate cag cgt aat aaa taa 900 

Ala Leu Ala Asp Tyr He He Gin Arg Asn Lys 
290 295 



<210> 34 
<211> 299 
<212> PRT 

<213> Escherichia coli 
<400> 34 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 
15 10 15 

Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 
20 25 30 

Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 
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Thr Leu Asp Aia Pro Ala Ala Ala Val Glu Cys He His Ala Asp Ser 
65 70 75 80 



Leu He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala He Leu 
100 105 110 

Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
130 135 140 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 

He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 
180 185 190 

Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 
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He Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
245 250 255 

Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu He Asp Asp Ala Arg Gin 
260 265 270 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

Ala Leu Ala Asp Tyr He He Gin Arg Asn Lys 
290 295 



<210> 35 
<211> 900 
<212> DNA 

<213> Escherichia coli 

<220> 
<221> CDS 
<222> (1).. (897) 

<400> 35 

atg gac ttt ccg cag caa etc gaa gec tgc gtt aag cag gec aac cag 48 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 

15 10 15 
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gcg ctg age cgt ttt ate gec cca ctg ccc ttt cag aac act ccc gtg 96 
Ala Leu Ser Arg Phe lie Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 
20 25 30 

gtc gaa ace atg cag tat ggc gca tta tta ggt ggt aag cgc ctg cga 144 
Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

cct ttc ctg gtt tat gee acc ggt cat atg ttc ggc gtt age aca aac 192 
Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 

acg ctg gac gca ccc get gee gec gtt gaa tgc ate cac get gaa tea 240 
Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys lie His Ala Glu Ser 
65 70 75 80 

tta att cat gat gat tta ccg gca atg gat gat gac gat ctg cgt cgc 288 
Leu lie His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

ggt ttg cca acc tgc cat gtg aag ttt ggc gaa gca aac gcg att etc 336 
Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala He Leu 
100 105 110 

get ggc gac get tta caa acg ctg gcg ttc teg att tta age gat gee 384 
Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

gat atg ccg gaa gtg teg gac cgc gac aga att teg atg att tct gaa 432 
Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
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140 



ctg gcg age gec agt ggt att gec gga atg tgc ggt ggt cag gca tta 480 
Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

gat tta gac gcg gaa ggc aaa cac gta cct ctg gac gcg ctt gag cgt 528 
Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 

att cat cgt cat aaa acc ggc gca ttg att cgc gec gec gtt cgc ctt 576 
He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 
180 185 190 

ggt gca tta age gec gga gat aaa gga cgt cgt get ctg ccg gta etc 624 
Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

gac aag tat gca gag age ate ggc ctt gee ttc cag gtt cag gat gac 672 
Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 

ate ctg gat gtg gtg gga gat act gca acg ttg gga aaa cgc cag ggt 720 
He Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

gec gac cag caa ctt ggt aaa agt acc tac cct gca ctt ctg ggt ctt 768 
Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
245 250 255 
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gag caa gcc egg aag aaa gec egg gat ctg ate gac gat gee cgt cag 816 

Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu He Asp Asp Ala Arg Gin 
260 265 270 

teg ctg aaa caa ctg get gaa cag tea etc gat acc teg gca ctg gaa 864 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 

275 280 285 

gcg eta gcg gac tac ate ate cag cgt aat aaa taa 900 

Ala Leu Ala Asp Tyr lie lie Gin Arg Asn Lys 

290 295 



<210> 36 
<211> 299 
<212> PRT 

<213> Escherichia coli 
<400> 36 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 
15 10 15 

Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 
20 25 30 

Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 
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Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys lie His Ala Glu Ser 
65 70 75 80 

Leu He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala He Leu 
100 105 110 

Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
130 135 140 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 

He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 
180 185 190 

Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 
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lie Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
245 250 255 

Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu lie Asp Asp Ala Arg Gin 
260 265 270 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

Ala Leu Ala Asp Tyr He He Gin Arg Asn Lys 
290 295 



<210> 37 
<211> 900 
<212> DNA 

<213> Escherichia coli 

<220> 
<221> CDS 
<222> (1).. (897) 

<400> 37 

atg gac ttt ccg cag caa etc gaa gec tgc gtt aag cag gec aac cag 48 
Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Yal Lys Gin Ala Asn Gin 
1 5 10 15 
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gcg ctg age cgt ttt ate gee cca ctg ccc ttt cag aac act ccc gtg 96 
.Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Yal 
20 25 30 

gtc gaa acc atg cag tat ggc gca tta tta ggt ggt aag cgc ctg cga 144 
Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

cct ttc ctg gtt tat gec acc ggt cat atg ttc ggc gtt age aca aac 192 
Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 

acg ctg gac gca ccc get gec gec gtt gaa tgc ate cac get atg tea 240 
Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys He His Ala Met Ser 
65 70 75 80 

tta att cat gat gat tta ccg gca atg gat gat gac gat ctg cgt cgc 288 
Leu He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

ggt ttg cca acc tgc cat gtg aag ttt ggc gaa gca aac gcg att etc 336 
Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala He Leu 
100 105 110 

get ggc gac get tta caa acg ctg gcg ttc teg att tta age gat gec 384 
Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

gat atg ccg gaa gtg teg gac cgc gac aga att teg atg att tct gaa 432 
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Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met lie Ser Glu 
130 135 140 



ctg gcg age gec agt ggt att gec gga atg tgc ggt ggt cag gca tta 480 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

gat tta gac gcg gaa ggc aaa cac gta cct ctg gac gcg ctt gag cgt 528 

Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 

att cat cgt cat aaa acc ggc gca ttg att cgc gec gec gtt cgc ctt 576 

He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 

180 185 190 

ggt gca tta age gec gga gat aaa gga cgt cgt get ctg ccg gta etc 624 

Gly Ala. Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

gac aag tat gca gag age ate ggc ctt gec ttc cag gtt cag gat gac 672 

Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 

210 215 220 

ate ctg gat gtg gtg gga gat act gca acg ttg gga aaa cgc cag ggt 720 

He Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

gec gac cag caa ctt ggt aaa agt acc tac cct gca ctt ctg ggt ctt 768 

Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
245 250 255 
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gag caa gcc egg aag aaa gec egg gat ctg ate gac gat gec cgt cag 816 
Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu lie Asp Asp Ala Arg Gin 
260 265 270 

teg ctg aaa caa ctg get gaa cag tea etc gat acc teg gca ctg gaa 864 
Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

gcg eta gcg gac tac ate ate cag cgt aat aaa taa 900 
Ala Leu Ala Asp Tyr He He Gin Arg Asn Lys 
290 295 



<210> 38 
<211> 299 
<212> PRT 

<213> Escherichia coli 
<400> 38 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 
15 10 15 

Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 
20 25 30 

Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
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50 55 60 

Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys He His Ala Met Ser 
65 70 75 80 

Leu He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala He Leu 
100 105 110 

Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
130 135 140 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 
165 170 175 

lie His Arg His Lys Thr Gly Ala Leu lie Arg Ala Ala Val Arg Leu 
180 185 190 

Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 
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210 215 220 

lie Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 
245 250 255 

Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu He Asp Asp Ala Arg Gin 
260 265 270 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

Ala Leu Ala Asp Tyr He He Gin Arg Asn Lys 
290 295 



<210> 39 
<211> 894 
<212> DNA 

<213> Bacillus stearothermophilus 
<400> 39 

gtggcgcagc tttcagttga acagtttctc aacgagcaaa aacaggcggt ggaaacagcg 60 
ctctcccgtt atatagagcg cttagaaggg ccggcgaagc tgaaaaaggc gatggcgtac 120 
tcattggagg ccggcggcaa acgaatccgt ccgttgctgc ttctgtccac cgttcgggcg 180 
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ctcggcaaag acccggcggt cggattgccc gtcgcctgcg cgattgaaat gatccatacg 240 
atgtctttga ttcatgatga tttgccgagc atggacaacg atgatttgcg gcgcggcaag 300 
ccgacgaacc ataaagtgtt cggcgaggcg atggccatct tggcggggga cgggttgttg 360 
acgtacgcgt ttcaattgat caccgaaatc gacgatgagc gcatccctcc ttccgtccgg 420 
cttcggctca tcgaacggct ggcgaaagcg gccggtccgg aagggatggt cgccggtcag 480 
gcagccgata tggaaggaga ggggaaaacg ctgacgcttt cggagctcga atacattcat 540 
cggcataaaa ccgggaaaat gctgcaatac agcgtgcacg ccggcgcctt gatcggcggc 600 
gctgatgccc ggcaaacgcg ggagcttgac gaattcgccg cccatctagg ccttgccttt 660 
caaattcgcg atgatattct cgatattgaa ggggcagaag aaaaaatcgg caagccggtc 720 
ggcagcgacc aaagcaacaa caaagcgacg tatccagcgt tgctgtcgct tgccggcgcg 780 
aaggaaaagt tggcgttcca tatcgaggcg gcgcagcgcc atttacggaa cgccgacgtt 840 
gacggcgccg cgctcgccta tatttgcgaa ctggtcgccg cccgcgacca ttaa 894 

<210> 40 
<211> 30 
<212> DNA 

<213> Artificial Seauence 
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<220> 

<223> Description of Artificial Sequence:Synthetic DNA 



<400> 40 

tgcatctcga gggccgcatc atgtaattag • 30 

<210> 41 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Synthetic DNA 
<400> 41 

cattagggcc cggccgcaaa ttaaagcctt eg 32 

<210> 42 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 42 

cacggagctc cagttcgagt ttatcattat caa 33 
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<210> 43 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 43 

ctctccgcgg tttgtttgtt tatgtgtgtt tattc 35 



<210> 44 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Synt he t ic DNA 
<400> 44 

ccgcgagctc ttacccataa ggttgtttgt gacg 34 



<210> 45 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Seauence:Synthetic DNA 



<400> 45 

ctttccgcgg gtttagttaa ttatagttcg ttgacc 36 



<210> 46 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rSynthetic DNA 
<400> 46 

atggcttcag aaaaagaaat tag 23 



<210> 47 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rSynthetic DNA 
<400> 47 

ctatttgctt ctcttgtaaa ctt 23 
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<210> 48 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 48 

tgaggcatgc aatttccgca gcaactcg 28 



<210> 49 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 49 

tcagaattca tcaggggcct attaatac 28 



<210> 50 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Synthetic DNA 



<400> 50 

atggaggcca agatagatga get 23 

<210> 51 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .'Synthetic DNA 
<400> 51 

tcacaattcg gataagtggt eta 23 

<210> 52 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 52 

tccccgcgga tgtctcagaa cgtttacatt gt 32 
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<210> 53 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 53 

tgctctagat catatctttt caatgacaat gga 

<210> 54 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 54 

atgaaactct caactaaact ttgtt 

<210> 55 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial 
<400> 55 

gttcagcaag atgcaatcga tgggg 
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Sequence: Synthetic DNA 



25 



<210> 56 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seauence:Synthetic DNA 
<400> 56 

atgccgccgc tattcaaggg act 23 



<210> 57 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerSynthetic DNA 
<400> 57 

ttaggattta atgcaggtga egg 23 
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<210> 58 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 58 

ccaaataaag actccaacac tctattt 27 



<210> 59 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 59 

gaattagaag cattattaag tagtgga 27 



<210> 60 
<211> 27 
<212> DNA 

<213> Artificial Seauence 
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<220> 

<223> Description of Artificial 
<400> 60 

ggatttaacg cacatgcagc taattta 



PCT/JP01/11214 

Seauence: Synthetic DNA 



27 



<210> 61 
<211> 27 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 61 

gtctgcttgg gttacatttt ctgaaaa 27 



<210> 62 
<211> 27 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Seauence: Synthetic DNA 
<400> 62 

cataccagtt atactgcaga ccaattg 

129/157 
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<210> 63 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 63 

gaatactcat taaagcaaat ggtagaa 27 



<210> 64 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .'Synthetic DNA 
<400> 64 

aactgcagat gtcattaccg ttcttaactt c 31 



<210> 65 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence :Synthetic DNA 



<400> 65 

ccgagctctt atgaagtcca tggtaaattc g 31 

<210> 66 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 66 

aactgcagat gtcattaccg ttcttaactt c 31 

<210> 67 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 67 

ccgagctctt atgaagtcca tggtaaattc g 31 

131/157 
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<210> 68 
<211> 31 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 68 

aactgcagat gaccgtttac acagcatccg t 31 



<210> 69 
<211> 31 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Seauence: Synthetic DNA 
<400> 69 

cggaattctt attcctttgg tagaccagtc t 31 



<210> 70 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
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WO 02/053746 
<220> 

<223> Description of Artificial 
<400> 70 

atgactgccg acaacaatag tat 



PCT/JP01/11214 

Seauence: Synthetic DNA 



23 



<210> 71 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seauence: Synthetic DNA 
<400> 71 

ttatagcatt ctatgaattt gcc 23 



<210> 72 
<211> 32 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Seauence:Synthetic DNA 
<400> 72 

tccccgcgga tgcaaacgga acacgtcatt tt 32 



133/157 
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<210> 73 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rSynthetic DNA 
<400> 73 

tgctctagat tatttaagct gggtaaatgc aga 33 



<210> 74 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 74 

atcatgaatt aatgagtcag cgtggatgca ttcaacggcg gcagc 45 



<210> 75 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence:Synthetic DNA 



<400> 75 

atcatgaatt aatgattcag cgtggatgca ttcaacggcg gcagc 45 

<210> 76 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 76 

atcatgaatt aatgacatag cgtggatgca ttcaacggcg gcagc 45 

<210> 77 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 77 

tttcagtccc ttgaatagcg gcggcat 27 

135/157 
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<210> 78 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seauence:Synthetic DNA 
<400> 78 

cacaaaatca agattgccca gtatgcc 27 

<210> 79 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Syn the tic DNA 
<400> 79 

agaagatacg gatttctttt ctgcttt 27 

<210> 80 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

136/157 
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<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 80 

aactttggtg caaattgggt caatgat 

<210> 81 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerSynthetic DNA 
<400> 81 

ttgctcttta aagttttcag aggcatt 

<210> 82 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SeauencerSynthetic DNA 
<400> 82 

gcattattaa gtagtggaaa tacaaaa 



137/157 



WO 02/053746 



PCT/JPO 1/11214 



<210> 83 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 83 

cctttgtacg ctttggagaa aaaatta 27 



<210> 84 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 84 

tctgatcgtt taccatataa aaattat 27 



<210> 85 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Synthetic DNA 



<400> 85 

aaggatggta tgacaagagg cccagta 27 



<210> 86 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 86 

tttccgcgga aacatg 16 



<210> 87 
<211> 14 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence .-Synthetic DNA 
<400> 87 

aattgacggc cgtc 14 
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<210> 88 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 88 

ggccgcaaat taaagccttc gagcgtc 27 



<210> 89 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 89 

acggattaga agccgccgag cgggtga 27 



<210> 90 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Seauence: Synthetic DNA 



<400> 90 

gccgttgaca gagggtccga gctcggtacc aag 33 

<210> 91 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SeQuence: Synthetic DNA 
<400> 91 

catactgacc cattgtcaat gggtaataac tgat 34 

<210> 92 
<211> 18 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Sequence :Synthetic DNA 
<400> 92 

tgtccggtaa atggagac 18 
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<210> 93 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 93 

tgttctcgct gctcgttt 18 



<210> 94 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 94 

atgggaaagc tattacaat 19 



<210> 95 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



142/157 
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<220> 

<223> Description of Artificial 
<400> 95 

caaggttgca atggccat 



PCT/JP01/11214 

Seauence: Synthetic DNA 



18 



<210> 96 
<211> 19 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Seauence .Synthetic DNA 
<400> 96 

caatgtaggg ctatatatg 19 



<210> 97 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .-Synthetic DNA 
<400> 97 

aacttgggga atggcaca 18 
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<210> 98 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 98 

tctcgaaaaa gggtttgcca t 21 



<210> 99 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence -.Synthetic DNA 
<400> 99 

tcactaggtg taaagagggc t 21 



<210> 100 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Synthetic DNA 



<400> 100 

tgttgaagct tgcatgcctg c 21 

<210> 101 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 101 

ttgtaaaacg acggccagtg a 21 

<210> 102 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 102 

atggaggcca agatagatga g 21 

145/157 
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<210> 103 
<211> 21 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Seauence -.Synthetic DNA 
<400> 103 

tcacaattcg gataagtggt c 21 

<210> 104 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seauence:Synthetic DNA 
<400> 104 

tcctaatgcc aagaaaacag ctgtcac 27 

<210> 105 
<211> 21 
<212> DNA 

<213> Artificial Seauence 
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<220> 

<223> Description of Artificial Seauence: Synthetic DNA 



<400> 105 

atggcaaacc ctttttcgag a 21 

<210> 106 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seauence :Synthetic DNA 
<400> 106 

agccctcttt acacctagtg a 21 

<210> 107 
<211> 27 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 107 

tccccgcgga tggaggccaa gatagat 27 

147/157 
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<210> 108 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 108 

caactcgagt cacaattcgg ataagtg 27 

<210> 109 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 109 

gctctagagt tcgtcgtgtt tgcttctctt gtaaactt 38 

<210> 110 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Synthetic DNA 



<400> 110 

tatctcgagt cacaattcgt catgtaaatt gg 32 

<210> 111 
<211> 28 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Seauence: Synthetic DNA 
<400> 111 

gcagggaccc caattcggat aagtggtc 28 

<210> 112 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .-Synthetic DNA 
<400> 112 

gtagggtccc tggaggccaa gatagatg 28 
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<210> 113 
<211> 29 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Sequence :Syn the t ic DNA 
<400> 113 

gcagggaccc tttgcttctc ttgtaaact 

<210> 114 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence -.Synthetic DNA 
<400> 114 

gtagggtcct cagaaaaaga aattaggag 

<210> 115 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

150/157 
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<220> 

<223> Description of Artificial Sequence: Synthetic DNA 



PCT/JP01/11214 



<400> 115 

tgtaaaacga cggccagt 18 

<210> 116 
<211> 20 
<21.2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 116 

taatacgact cactataggg 20 

<210> 117 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 117 

gctctagagt tcgtcgtgtt tgcttctctt gtaaactt 38 

151/157 
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<210> 118 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 118 

tatctcgagt cacaattcgt catgtaaatt gg 32 



<210> 119 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 119 

acggtaagaa atccaagc 18 



<210> 120 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



152/157 



WO 02/053746 



PCT/JP01/11214 



<220> 

<223> Description of Artificial Sequence: synthetic DM 
<400> 120 

tatgagtcgg cacccact 18 

<210> 121 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
peptide 

<400> 121 

Cys Tyr He He Asp His Leu Ser Glu Leu 
1 5 10 



<210> 122 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 

153/157 
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peptide 
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<400> 122 

Cys Leu Asn Lys Val Tyr Lys Arg Ser Lys 
1 5 10 

<210> 123 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
DNA 

<400> 123 

ttttaagagc ttggtgagcg c 21 

<210> 124 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
DNA 

154/157 
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<400> 124 

tcgagttcaa gagaaaaaaa a 



<210> 125 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
DNA 

<400> 125 

ttcaattcat catttttttt t 



<210> 126 
<211> 21 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Seauence .-synthetic 
DNA 

<400> 126 

gggtaataac tgatataatt a 
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<210> 127 
<211> 21 
<212> DNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Seauence: synthetic 
DNA 

<400> 127 

atggattcta gaacagttgg t 21 

<210> 128 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence synthetic 
DNA 

<400> 128 

ttacttgttt tctagataag c 21 

<210> 129 
<211> 21 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rsynthet i 
DNA 

<400> 129 

atgactaacg aaaaggtctg g 

<210> 130 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rsyntheti 
DNA 

<400> 130 

ttaagctgct gcggagcttc c 
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The matter common to the inventions as set forth in claims 1 and 14 
resides in enzymes relating to the synthesis of prenyl diphosphate. 

However these enzymes had been already known and thus the above- 
described common matter cannot be considered as a special technical 
feature in the meaning as defined in the second sentence of PCT Rule 
13.2, i.e., technical features that define a contribution which each 
of the claimed inventions, considered as a whole, makes over the prior 
art . 

The matter common to the inventions as set forth in claims 1 and 24 
resides in producing prenyl alcohol by using organisms. 

As Curr. Genet., 1990, Vol.18, p. 41-46 shows, however, it had been 
already known to obtain farnesol, which is one of prenyl alcohols, by 
culturing a squalene synthase gene-deficient strain. Thus the 
above-described common matter cannot be considered as a special 
technical feature in the meaning as defined in the second sentence of 
PCT Rule 13.2, i.e., technical features that define a contribution which 
each of the claimed inventions, considered as a whole, makes over the 
prior art. 

Such being the case, it does not appear that there is a technical 
relationship between the inventions as set forth in claims 1, 14 and 
24 and thus the requirement of unity of invention is not satisfied. 
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